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R 1 represents hydrogen, amino, protected amino, acylamino or lower alkyl optionally substituted by aryl, 
hydroxy, protected hydroxy, amino, protected amino, acylamino, maleimido, succinimido, naphthalimido, 2,3- 
dihydro-1 ,3-dioxo-1H-benz[d,e]isoquinol-2-yl, carboxy, protected carboxy, carbamoyl, mono(lower alkyl)- 
carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, pyrrolidino or mor- 
pholino; R 2 represents hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, di(lower 
alkyl)- amino, guanidino, carboxyl, protected carboxyl, carbamoyl, mono(lower alkyl) carbamoyl, di(lower alkyl)- 
carbamoyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, pyrrolidino, piperidino or morpholino; R 3 represents 
hydrogen or lower alky! optionally substituted by hydroxy, protected hydroxy, amino or protected amino; R* 
represents hydrogen, hydroxy, lower alkoxy or benzyloxy; and R 6 represents hydrogen or halogen and their 
pharmaceutical^ acceptable salts. These compounds are useful for the control or prevention of degenerative 
joint diseases or for the treatment of invasive tumours, atherosclerosis or multiple sclerosis. They can be 
manufactured according to known methods. 
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The present invention is concerned with amino acid derivatives, a process for the manufacture thereof 
and medicaments containing same. 

The amino acid derivatives provided by the present invention are compounds of the general formula 



10 




CO — NH 




CO— NH — R 2 



(D 



75 



20 



25 



wherein A represents the group 



:c- 



or 



HO-HN 



(a) 




(b) 



so R 1 represents hydrogen, amino, protected amino, acylamino or lower alkyl optionally substituted by 
aryl, hydroxy, protected hydroxy, amino, protected amino, acylamino, maleimido, succinimido, 
naphthalimido, 2,3-dihydro-1 ,3-dioxo-lH-benz[d,e]isoquinol-2-yl, carboxy, protected carboxy, car- 
bamoyl, mono(lower alkyl)carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower 
alkanoylamino, pyrrolidino or morpholino; 

35 R 2 represents hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, di(lower 
alkyl)amino, guanidino, carboxyl, protected carboxyl, carbamoyl, mono{lower alkyl) carbamoyl, di- 
(lower alkyl)carbamoyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, pyrrolidino, piperidino or 
morpholino; 

R 3 represents hydrogen or lower alkyt optionally substituted by hydroxy, protected hydroxy, amino or 
40 protected amino; 

R* represents hydrogen, hydroxy, lower alkoxy or benzyloxy; and 
R 5 represents hydrogen or halogen; 
and pharmaceutical^ acceptable salts thereof. 

The compounds of formula ! possess valuable pharmacological properties. In particular, they are 
45 collagenase inhibitors and can be used in the control or prevention of degenerative joint diseases such as 
rheumatoid arthritis and osteoarthritis or in the treatment of invasive tumours, atherosclerosis or multiple 
sclerosis. 

Objects of the present invention are the compounds of formula I and their pharmaceutical^ acceptable 
salts per se and for use as therapeutically active substances; a process for the manufacture of said 

so compounds and salts; medicaments containing said compounds and salts and the manufacture of these 
medicaments; and the use of said compounds and salts in the control or prevention of illnesses or in the 
improvement of health, especially in the control or prevention of degenerative joint diseases or in the 
treatment of invasive tumours or atherosclerosis, or for the manufacture of a medicament for the control or 
prevention of degenerative joint diseases or for the treatment of invasive tumours, atherosclerosis or 

55 multiple sclerosis. 

As used in this Specification, alone or in combination, the term "lower alkyl" means a straight-chain or 
branched-chain alkyl group containing a maximum of six carbon atoms, such as methyl, ethyl, n-propyi, 
isopropyl, n-butyl, sec. butyl, isobutyl, tert.butyl, n-pentyl, n-hexyl and the like. Likewise, the term "lower 
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alkoxy" means a straight-chain or branched-chain alkoxy group containing a maximum of six carbon atoms, 
such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tert.butoxy and the like. The term "aryl" means 
an optionally substituted phenyl or naphthyl group with the substituent(s) being selected, for example, from 
halogen, trifluoromethyl, lower alkyl, lower alkoxy, phenyl and the like. The acyl part of an acylamino group 
5 is derived from an alkanoic acid which contains a maximum of six carbon atoms, e.g. acetyl, propionyl, 
butyryl, pivaloyl etc, from an optionally substituted benzoic or naphthoic acid, e.g. benzoyl, 4-chlorobenzoyl, 
2-carboxybenzoyl, 1- or 2-naphthoyl etc, or from an aryl-substituted alkanoic acid which contains a 
maximum of six carbon atoms, e.g. phenylacetyl etc. The lower alkanoyl part of a carboxy-lower al- 
kanoylamino group is derived from an alkanoic acid which contains a maximum of six carbon atoms, e.g. 
w acetyl, propionyl, butyryl etc. The term "halogen" means fluorine, chlorine, bromine or iodine. 

The terms "protected amino", "protected hydroxy" and "protected carboxy" mean amino, hydroxy and 
carboxy groups, respectively, which are protected in a manner known per se, e.g. as known in peptide 
chemistry. For example, an amino group can be protected by a benzyloxycarbonyl, tert.butoxycarbonyl, 
acetyl or like group or in the form of a phthalimido or like group. A hydroxy group can be protected, for 
15 example, in the form of a readily cleavable ether such as the tert. butyl or benzyl ether or in the form of a 
readily cleavable ester such as the acetate. Again, for example, a carboxy group can be protected in the 
form of a readily cleavable ester such as the methyl, ethyl, benzyl or like ester. 

The compounds of formula I form pharmaceutical^ acceptable salts with bases such as alkali metal 
hydroxides (e.g. sodium hydroxide and potassium hydroxide), alkaline earth metal hydroxides (e.g. calcium 
20 hydroxide and magnesium hydroxide), ammonium hydroxide and the like. The compounds of formula I 
which are basic form pharmaceutically acceptable salts with acids. As such salts there come into 
consideration not only salts with inorganic acids such as hydrohalic acids (e.g. hydrochloric acid and 
hydrobromic acid), sulphuric acid, nitric acid, phosphoric acid etc, but also salts with organic acids such as 
acetic acid, tartaric acid, succinic acid, fumaric acid, maletc acid, malic acid, salicylic acid, citric acid, 
25 methanesulphonic acid, p-toluenesulphonic acid etc. 

The compounds of formula I contain at least two asym- metric carbon atoms and can accordingly exist 
as optically active enantiomers, as diastereoisomers or as racemates. The present invention is intended to 
embrace all of these forms. 

In the compounds of formula I provided by the present invention R 1 preferably represents hydrogen, 
30 amino, acetylamino, benzyloxycarbonylamino or lower alkyl optionally substituted by amino, phenyl, 
phthalimido, succinimido, carboxy, alkoxycarbonyl, morpholino, hydroxy or acetoxy, especially hydrogen, 
amino, acetylamino, benzyloxycarbonylamino, methyl, 5-amino-pentyl, 4-phthalimidobutyl, 5- 
phthalimidopentyl, 5-hydroxypentyl, 5-acetoxypentyl, aminomethyl, phthalimidomethyl, succinimidomethyl, 
benzyl, 3-phenylpropyl, 3-carboxypropyl, 3-methoxycarbonylpropyl, benzoylaminomethyl, mor- 
35 pholinomethyl, acetylaminomethyl, 2-phthalimidoethyl, 3-hydroxypropyl or 3-acetoxypropyl. With respect to 
R 2 , this preferably represents lower alkyl optionally substituted by amino, aryl, guanidino, carboxy, di(lower 
alkoxy)phosphinyl, dihdroxyphosphinyl or morpholino, especially methyl, 4-aminobutyl, 1-phenylethyl, 5- 
carboxypentyl, diethoxyphosphinylmethyl.dihydroxyphosphinyl-methyl or 5-morpholinopentyl. R 3 preferably 
represents hydrogen, hydroxymethyl, 2-aminoethyl or 4-aminobutyl, especially hydrogen. Preferably, R 4 
40 represents hydrogen, hydroxy or benzytoxy, especially hydrogen or hydroxy. R 5 preferably represents 
hydrogen or bromine. 

The most preferred compounds of formula I provided by the present invention are: 

N 2 -[(R)-[Hydroxycarbamoylmethyl]-4-methylvateryl]-N 1 -3-dimethyl-L-valinamide, 

N 2 -[2(R or S)-[1(S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N l ,3-dimethyl-L-valinamide (isomer 2), 
45 N 2 -[[2(R or S)-[[[(5-bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]methyl]-4-methylvaleryl]-N t ,3-dimethyl-L-valinamide, 

N 2 -[2(R or S)-[[(R)-(amino)[(5-bromo-2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e3isoquinol-2-yl)- 
methyl](hydroxy)phosphinyl3-methyl]-4-methylvaIeryl]-N 1 ,3-dimethyl-L-valinamide and 

N 2 -[2(R or S)-[[(R)-(amtno)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]- 
50 (hydroxy)phosphinyl]-methyl]-4-methylvaleryi]-N 1 ,3-dimethyl-L-vaIinamide. 

N 2 -[2(R)-[1 (R or SJ^hydroxycarbamoyl^-phthalimidoethylH-methylvalerylJ-N 1 ,3-dimethyl-L-valinamide, 

N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-4-(methoxycarbonyl)butyl]-4-methytvaleryl]-N 1 ,3-dimethyl-L- 
vaiinamide, 

N 2 -[2(R)-[1 (R or S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide and, 
55 N 2 -[2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-succinimidoethyl3-4-methylvaleryl]-N 1 ) 3-dimethyl-L-valinamide. 
According to the process provided by the present invention, the compounds of formula I and their 
pharmaceutically acceptable salts are manufactured by 
(a) reacting an acid of the general formula 
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wherein R 10 represents hydrogen, protected amino, acylamino or lower alkyl optionally substituted 
by aryl, protected hydroxy, protected amino, acylamino, maleimido, succinimido, naphthalimido, 2,3- 
dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl, protected carboxy, carbamoyl, mono(tower alkyl)carbamoyl, 
di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, pyrrolidino or morpholino 
and R 20 represents hydrogen or lower alkyl optionally substituted by aryl, protected amino, di(lower 
alkyl)amino, protected carboxyl, carbamoyl, mono(lower alkyl)carbamoyl, di(lower alkyt)carbamoyl, di- 
(lower alkoxy)-phosphinyl, pyrrolidino, piperidino or morpholino, 
with a compound of the general formula 



H 2 N-OZ (III) 



wherein Z represents hydrogen, tri(lower alkyl)silyl or diphenyl(lower alkyl)silyl, 
and, where required, cleaving off any diphenyl(lower alkyl)silyl group present in the reaction product, or 
(b) catalytically hydrogenating a compound of the general formula 




wherin A 1 represents benzyloxyformamido, R 10 has the significance given earlier and R 21 has any of 
the values of R 20 given earlier or represents nitroguanidino, 
or 

(c) reacting an amine of the general formula 




wherein R 20 has the significance given earlier, 
with an acid of the general formula 



EP 0 497 192 A2 




wherein R*, R 5 and R 10 have the significance given earlier and R 30 represents hydrogen or lower 
alkyl optionally substituted by protected hydroxy or protected amino, 
or 

(d) treating a compound of the general formula 




(vn) 



wherein R\ R 2 , R 3 , R 4 and R 5 have the significance given earlier and R 6 represents lower alkyl, 
with an acid or a halotri(lower alkyl)silane, or 
(e) reacting a compound of the general formula 




(VED 



wherein R + , R 5 and R 30 have the significance given earlier, with a compound of the general formula 




(DC) 
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wherein R 10 and R 20 have the significance given earlier, or 

(f) brominating a compound ot formula I in which A represents a group of formula (b) wherein 
R 4 represents hydroxy and R 5 represents hydrogen, or 

(g) cleaving off the protecting group(s) from a compound of formula I in which R 1 represents protected 
5 amino or lower alkyl substituted by protected hydroxy or protected amino and/or R 2 represents lower 

alkyl substituted by protected amino or protected carboxyl and/or R 3 represents lower alkyl substituted 
by protected hydroxy or protected amino, or 

(h) treating a compound of formula I in which R 2 represents di(lower a1koxy)phosphiny!~(lower alkyl) with 
an acid or with a halotri(lower alkyl)silane, or 

10 (i) acylating a compound of formula I in which R 1 represents amino or amino-lower alkyl, or 

(j) ring-opening a compound of formula I in which R 1 represents phthalimido-{lower alkyl) or succinimido- 
(lower alkyl), and 

(k) if desired, converting a compound of formula I obtained into a pharmaceutically acceptable salt. 
The reaction of an acid of formula II with a compound of formula III in accordance with embodiment (a) 

75 of the process can be carried out in a known manner, for example in an inert organic solvent such as 
dimethylformamide or the like using hydroxybenzotriazole in the presence of a condensation agent such as 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide at about 0°C to about room temperature. Preferred com- 
pounds of formula III are those in which Z represents hydrogen, tert.butyldimethylsilyl or 
tertbutyldiphenylsilyl. When a compound of formula III in which Z represents tri(lower alkyl)silyl is used, this 

20 group is cleaved off during the reaction and a compound of formula I is obtained directly. On the other 
hand, when a compound of formula III in which Z represents diaryl(lower alkyl)silyl is used, this group 
remains in the reaction product and must subsequently be cleaved off in a known manner, for example by 
means of fluoride ions. 

The catalytic hydrogenation of a compound of formula IV in accordance with embodiment (b) of the 

25 process can be carried out in a manner known per se; for example in an inert organic solvent using 
hydrogen in the presence of a noble metal catalyst. Suitable inert organic solvents are, for example, lower 
alkanols such as methanol, ethanol.etc. With respect to the catalyst, this can be, for example, a platinum, 
palladium or rhodium catalyst which can be supported on a suitable carrier material. Palladium-on-charcoal 
is the preferred catalyst. The temperature and pressure are not critical, although for convenience the 

30 catalytic hydrogenation is preferably carried out at room temperature and under atmospheric pressure. 

The reaction of an amine of formula V with an acid of formula VI in accordance with embodiment (c) of 
the process can be carried out by heating the amine with the acid in a inert organic solvent such as an 
aromatic hydrocarbon, especially toluene or a xylene, at a temperature of about 30 'C to about 150*C, 
preferably at the reflux temperature of the reaction mixture. If desired, the heating can be carried out in the 

35 presence of a tertiary organic base. Alternatively, the reaction can be carried out in a known manner by 
firstly reacting an acid of formula VI with a reagent such as oxalyl chloride followed by condensation with an 
amine of formula V in the presence of a tertiary organic base. This embodiment can be carried out, for 
example, in an inert organic solvent such as a halogenated aliphatic hydrocarbon, e.g. dichloro-methane or 
the like, an aromatic hydrocarbon such as toluene or the like or a mixture of such solvents, at a temperature 

40 between about -25* C and about room temperature, conveniently at about room temperature. 

The treatment of a compound of formula VII with an acid or with a halotri(lower alkyl)silane, preferably a 
halotrimethylsilane such as bromotrimethylsilane, in accordance with embodiment (d) of the process can be 
carried out in a known manner. Thus, for example, a compound of formula VII can be treated with a 
hydrogen halide, preferably hydrogen bromide, in a lower alkanoic acid, preferably acetic acid, conveniently 

45 at about room temperature, or with trifluoroacetic acid in an inert organic solvent, e.g. a halogenated 
hydrocarbon such as dichloromethane or the like, conveniently at about room temperature. Again, for 
example, a compound of formula VII can be treated with a halotri(Iower alkyl)silane in an inert organic 
solvent, e.g. a halogenated aliphatic hydrocarbon such as dichloromethane or the like, conveniently at about 
room temperature. 

so The reaction of a compound of formula VIII with a compound of formula IX in accordance with 
embodiment (e) of the process can be carried out in a known manner. For example, the reaction can be 
carried out in an inert organic solvent such as a halogenated aliphatic hydrocarbon, e.g. chloroform or the 
like, in the presence of a silylating agent such as bis(trimethylsilyl)acetamide, with the mixture being 
acidified, e.g. with a mineral acid such as hydrochloric acid, after the reaction has been effected. This 

55 reaction is suitably carried out at an elevated temperature, e.g. about 50-60 * C. 

The bromination in accordance with embodiment <f) of the process can be carried out in a manner 
known per se. Suitably, the bromination is carried out using bromine in an inert organic solvent such as an 
alkanoic acid, e.g. acetic acid and the like, with the bromine conveniently being introduced as a solution in a 

7 



EP 0 497 192 A2 



halogenated hydrocarbon, e.g. dichloromethane and the like. The bromination is expediently carried out at 
about room temperature. 

The cleavage of the protecting group(s) in accordance with embodiment (g) of the process can be 
carried out using methods which are known per se in peptide chemistry. For example, the cleavage of a 

5 protected amino group to an amino group can be carried out by acidolysis using a mineral acid, e.g. 
hydrochloric acid, or trifluoroacetic acid when the protecting group is tert.-butoxycarbonyl, by catalytic 
hydrogenolysis when the protecting group is benzyloxycarbonyl or by hydrazinolysis when the protecting 
group is phthaloyl. Again, for example, the cleavage of a protected hydroxy group to a hydroxy group can 
be carried out by acidolysis when the protecting group is tert.butyl, by catalytic hydrogenolysis when the 

/o protecting group is benzyl or by basifi- cation when protection is in the form of an ester, e.g. acetate. Yet 
again, for example, the cleavage of a protected carboxy group can be carried out by basification with, for 
example, an aqueous alkali metal hydroxide such as aqueous sodium hydroxide or potassium hydroxide. 

The treatment in accordance with embodiment (h) of the process can be carried out in a known manner. 
Thus, for example, the treatment can be carried out using a hydrogen halide, preferably hydrogen bromide, 

75 in a lower alkanoic acid, preferably acetic acid, conveniently at about room temperature, or using 
trifluoroacetic acid in an inert organic solvent, e.g. a halogenated hydrocarbon such as dichloromethane or 
the like, conveniently at about room temperature. Again, for example, the treatment can be carried out using 
a hatotri(lower alkyl)stlane in an inert organic solvent, e.g. a halogenated hydrocarbon such as dich- 
loromethane or the like, conveniently at about room temperature. 

20 The acylation in accordance with embodiment (i) of the process can be carried out in a manner known 
per se; for example, using an acid halide, e.g. an acetyl hafide, or, preferably, an acid anhydride, e.g. acetic 
anhydride etc., in an inert organic solvent and in the presence of a base. The base is preferably an organic 
base, especially pyridine, which can conveniently be used in excess and can thus simultaneously serve as 
the solvent. The acylation is suitably carried out at about room temperature. 

25 The ring-opening of a compound of formula I in which FV represents phthalimido-(lower alkyl) or 
succinimido-(lower alkyl) in accordance with embodiment (j) of the process leads to a corresponding 
compound of formula I in which R 1 represents (2-carboxybenzoyl)ami no- (lower alkyl) or 3- 
carboxypropionamido-(lower alkyl), respectively. The ring-opening can be carried out in a known manner, 
for example by treatment with lithium hydroxide in a known manner, e.g. in a lower alkanol and suitably at 

30 about room temperature. 

In accordance with embodiment (k) of the process acidic compounds of formula I can be converted into 
pharmaceutical^ acceptable salts by treatment with bases and basic compounds of formula I can be 
converted into pharmaceutical^ acceptable salts by treatment with acids. Such treatments can be carried 
out in a conventional manner. 

35 The acids of formula II which are used as starting materials in embodiment (a) of the process are novel 
and form a further object of the present invention. 

The acids of formula II can be prepared according to the procedure illustrated in Reaction Scheme I 
hereinafter in which R 10 and R 20 have the significance given earlier and R 7 represents a protecting group 
such as tert.butyl, benzyl or the like: 

40 

Reaction Scheme I 



45 



50 



55 
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(XII) 




40 Having regard to Reaction Scheme I, in the first stage an acid of formula X is condensed with an amine 
of formula XI. This condensation can be carried out in a manner which is known per se in peptide 
chemistry. Thus, for example, the condensation can be carried out according to the well-known acid halide, 
acid anhydride, activated amide, mixed anhydride or activated ester method. In a preferred procedure, the 
condensation is carried out according to the activated ester method, particularly using hydroxybenzotriazole 

45 in the presence of a condensation agent such as N.N'-dicyctohexylcarbodiimide. 

In the next stage, a compound of formula XII is converted into an acid of formula II by cleavage of the 
protecting group R 7 . This cleavage is carried out in a manner known per se; for example, by treatment with 
acid such as hydrogen bromide in glacial acetic acid or trifluoroacetic acid when R 7 represents tert. butyl or 
by hydrogenolysis when R 7 represents benzyl. 

so The compounds of formula HI which are used as starting materials in embodiment (a) of the process are 
known compounds. 

The compounds of formula IV which are used as starting materials in embodiment (b) of the process 
are novel and form a further object of the present invention. 

The compounds of formula IV can be prepared by reacting an acid of formula II or a corresponding acid 
55 in which R 20 represents nitroguanidino with O-benzylhydroxylamine. This reaction can be carried out in a 
conventional manner, for example in an inert organic solvent such as a chlorinated aliphatic hydrocarbon, 
e.g. dichloromethane or the like, in the presence of a condensation agent such as di(l-benzotriazolyl) 
carbonate and at about room temperature. 
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The amines of formula V which are used as starting materials in embodiment (c) of the process are 
known compounds or analogues of known compounds which can be prepared in a manner analogous to the 
known compounds. 

The acids of formula VI which are used as starting materials in embodiment (c) of the process are novel 
5 and also form an object of the present invention. 

The acids of formula VI can be prepared according to the procedure illustrated in Reaction Scheme II 
hereinafter in which R 4 and R 5 and R 10 have the significance given earlier, R 8 represents tower alkyl or aryt- 
(lower alkyl) and R 30 represents hydrogen or lower alkyl optionally substituted by protected hydroxy or 
protected amino: 

10 

Reaction Scheme II 
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Having regard to Reaction Scheme II, in the first stage hypophosphorous acid of formula XIII is reacted 
with a compound of formula XIV to give a compound of formula XV. This reaction is carried out in a known 
manner, for example in an inert organic solvent such as a halogenated aliphatic hydrocarbon, e.g. 
dichloromethane or the like, in the presence of a silylating agent such as bis(trimethylsilyl)acetamide and an 
amine such as 1 ,1 ,3,3-tetramethylguanidine at about 0*C to about room temperature, with the reaction 
mixture being acidified with, for example, hydrochloric acid after the reaction has finished. 

A compound of formula XV is then converted into a corn-pound of formula XVI by reaction with isobutyl 
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bromide or iodide. This reaction is carried out in a conventional manner, for example in an inert organic 
solvent such as dimethyl sutphoxide and the like and in the presence of a base, e.g. an alkali metal hydride 
such as sodium hydride, at about 5 * C to about room temperature. 

A compound of formula XVI can be converted into either a compound of formula XVII or a compound of 
5 formula XVIII. Further, a compound of formula XVI is a suitable stage at which to carry out a resolution into 
optical isomers. 

The conversion of a compound of formula XVI into a compound of formula XVII can be carried out in a 
manner analogous to that described earlier in connection with the reaction of a corn-pound of formula VIII 
with a compound of formula IX according to embodiment (d) of the process of the invention. 
w A compound of formula XVII is then converted into an acid of formula VI by hydrolysis and 
decarboxylation according to known procedures. The actual methods used will depend on the nature of the 
substituents present in the molecule and will be familiar to a person skilled in the art. Further, the hydrolysis 
and decarboxylation can be carried out stepwise in certain circumstances. 

The conversion of a compound of formula XVI into a corn-pound of formula XVIII can be carried out in a 
is manner analogous to the conversion of a compound of formula XVII into an acid of formula VI and the 
conversion of a compound of formula XVIII into an acid of formula VI can be carried out in a manner 
analogous to the conversion of a compound of formula XVI into a compound of formula XVII 

An acid of formula VI obtained can be functionally modified if desired. For example, an acid of formula 
VI in which R* represents benzyloxy and R 5 represents hydrogen can be catalytically hydrogenated to give 
20 an acid of formula VI in which R 4 represents hydroxy and R 5 represents hydrogen and the latter can be 
brominated to give an acid of formula VI in which R* represents hydroxy and R 5 represents bromine. The 
bromination can be carried out in a manner analogous to that described earlier in connection with 
embodiment (e) of the process provided by the invention. 

The compounds of formula VII which are used as starting materials in embodiment (c) of the process 
25 are novel and form a further object of the present invention. 

The compounds of formula VII can be prepared according to the procedure illustrated in Reaction 
Scheme III hereinafter in which R\ R 2 , R 6 , R 10 , R 20 and R 30 have the significance given earlier: 

Reaction Scheme III 

30 
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(XIX) 



(XX) 



(XXI) 



(VII) 



Having regard to Reaction Scheme III, in the first stage a compound of formula XIX is reacted with a 
compound of formula VIII hereinbefore to give a compound of formula XX. This reaction is carried out in a 
manner analogous to that described earlier in connection with the reaction of a compound of formula VIII 
with a compound of formula IX. 

A compound of formula XX is then debenzylated by catalytic hydrogenation in a conventional manner to 
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give a compound of formula XXI. 

Subsequently, a compound of formula XXI is coupled with an amine of formula V hereinbefore in 
accordance with methods known per se in peptide chemistry and, if desired, any protected amino, 
protected hydroxy or protected carboxy group present in the product is converted into an amino, hydroxy or 
carboxy group according to known methods. 

An alternative procedure for the preparation of compounds of formula XXI in which R 3 represents lower 
alkyl substituted by protected hydroxy or protected amino is illustrated in Reaction Scheme IV hereinafter in 
which R 4 , R 5 , R 6 and R 10 have the significance given earlier and R 3t represents lower alkyi substituted by 
protected hydroxy or protected amino in which the protecting group is other than a hydrogenolytically- 
removable protecting group: 

Reaction Scheme IV 
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(XIX) 



(XXII) 



(XXIE) 



(XXIa) 



Having regard to Reaction Scheme IV, a compound of formula XIX is converted into a compound of 
formula XXII by reaction with an aldehyde of the formula R 31 -CHO, in which R 3t has the significance given 
earlier, activating the hydroxy group in ther product obtained and reacting the activated product with an 
alkali metal aside. These steps are carried out in a known manner. For example, the reaction of a 
compound of formula XIX with the aldehyde can be carried out in an inert organic solvent such as an 
aromatic hydrocarbon, e.g. toluene or the like, in the presence of a base such as 1,1,3,3-tetramethyl- 
guanidine at about room temperature. The activation of the hydroxy group can be carried out by conversion 
into a corresponding alkanesulphonyloxy, e.g. methanesulphonyloxy, compound using an alkanesulphonyt 
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halide, e.g. methanesulphonyl chloride, in the presence of an acid-binding agent, e.g. pyridine or the like, 
and in an inert organic solvent, e.g. a halogenated aliphatic hydrocarbon such as dichloromethane or the 
like, at about 0*C to room temperature. The reaction with an alkali metal azide, preferably sodium azide, is 
conveniently carried out in an inert organic solvent such as dimethylformamide or the like and at an 

5 elevated temperature, e.g. about 60-80 " C. 

Subsequently, a compound of formula XXII is converted into a compound of formula XXIII in a known 
manner, for example by treatment in an inert organic solvent such as a lower alkanol, e.g. methanol or the 
like, with an alkanedithiol, e.g. 1 ,3-propane-dithiot, in the presence of a tri(lower alkyl)amine, e.g. triethyl- 
amine or the like, at about room temperature. 

10 A compound of formula XXIII is then reacted with a compound of the general formula 



75 
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(XXIV) 



wherein R 4 and R 5 have the significance given earlier, and the reaction product obtained.is deben- 
zylated. 

25 The reaction of a compound of formula XXIII with a compound of formula XXIV can be carried out in a 
known manner.for example in an inert organic solvent such as a halogenated aliphatic hydrocarbon, e.g. 
dichloromethane or the like, and in the presence of a tertiary amine such as N-ethyl- morpholine or the like 
at about room temperature. The subsequent debenzylation is carried out in a conventional manner. 

A compound of formula XXI or XXia obtained can be functionally modified if desired. For example, a 

30 compound of formula XXI or XXIa in which R 4 represents benzyloxy and R 5 represents hydrogen can be 
catalyticalty hydrogenated to give a compound of formula XXI or XXIa in which R 4 represents hydroxy and 
R 5 represents hydrogen and the latter can be brominated in a manner analogous to that described earlier in 
connection with embodiment (e) of the process provided by the invention to give a compound of formula 
XXI or XXIa in which R 4 represents hydroxy and R 5 represents bromine. 

35 Further, a protecting group present in R 31 can be inter-changed at any stage of the procedure illustrated 
by Reaction Scheme IV. 

The compounds of formula VIII which are used as starting materials in embodiment (d) of the process 
are known compounds or analogues of known compounds which can be prepared in a similar manner to the 
known compounds. 

40 The compounds of formula IX which are also used as starting materials in embodiment (d) of the 
process are novel and also form an object of the invention. 

The compounds of formula IX can be prepared, for example, by reacting a compound of formula XVIII 
hereinbefore with an amine of formula V hereinbefore. This reaction can be carried out in a manner 
analogous to that described earlier in connection with the reaction of an amine of formula V with an acid of 

45 formula VI in accordance with embodiment <c) of the process provided by the invention. 

The compounds of formulae X, XI, XIII, XIV and XIX which are used as starting materials in the 
foregoing Reaction Schemes and the compounds of formula XXIV hereinbefore are known compounds or 
analogues of known compounds which can be prepared in a similar manner to the known compounds or as 
described in the Examples hereinafter or in analogy thereto. 

so As mentioned earlier, the compounds of formula I and their pharmaceutical^ acceptable salts are 
collagenase inhibitors. The in vitro collagenase inhibiting activity of the present compounds and salts can be 
demonstrated using collagenase obtained from a culture of human synovial fibroblasts according to the 
method of Dayer J-M et al., Proc. Natl. Acad. Sci. USA (1976), 73 945, following activation of the pro- 
collagenase in the conditioned medium by treatment with trypsin. Collagenase activity was measured using 

55 14 C-acetylated collagen type I from rat tail tendons as the substrate and employing the microtitre plate 
assay method of Johnson-Wint, B, Anal. Biochem. (1980), 104, 175. The ICso is that concentration of a 
compound or salt of the present invention in the enzyme digestion which reduces substrate cleavage and 
solubilization to 50% of that achieved by the enzyme alone. 
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The results obtained in the foregoing test with representative compounds and salts of this invention are 
compiled in Table I hereinafter: 

Table I 



Compound of 


IC B o (nM) 


formula I 




A 


4 


B 


4 


C 


9 


D 


2 


E 


0.5 


F 


0.9 


G 


1.9 


H 


0.5 



Compound A: N 2 -[(R)-[hydroxycarbamoylmethyl]-4-methylvalery IJ-N 1 ,3-dimethyl-L-valinamide; 

Compound B: N 2 -[2(R or S)-[[[(5-bromo-2,3-dihydro-6-hydroxy)-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]- 

(hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N 1 t 3-dimethyl-L-valinamide; 

Compound C: N 2 -[(R or S)-[[(R)-(amino)[(5-bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2- 
yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N 3 ,1-dimethyl-L-valinamide hydrobromide. 
Compound D: N 2 -[2(R or S)-[1{S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethylvalinamide. 
Compound E: N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-2-phthalimidoethyl]-4-methylvateryl]-N 1 ,3-dimethyl-L- 
valinamide. 

Compound F: N 2 -[2(R)-[1(R or SJ-fhydroxycarbamoyO^-fmethoxycarbonylJbutyn^-methylvaleryll-N 1 ^- 
dimethyl-L-valinamide. 

Compound G: M 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methylvaleryt]-N 1 ,3-dimethyl-L- 
valinamide. 

Compound H: N 2 -[2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-succinimidoethyl]-4-methylvaleryl3-N 1 ,3-dimethyl-L- 
valinamide. 

The compounds of formula I and their pharmaceutical^ acceptable salts can be used as medicaments, 
for example in the form of pharmaceutical preparations. The pharmaceutical preparations can be admin- 
istered orally, e.g. in the form of tablets, coated tablets, dragees, hard and soft gelatine capsules, solutions, 
emulsions or suspensions. However, they can also be administered rectally, e.g. in the form of sup- 
positories, or parenterally, e.g. in the form of injection solutions. 

For the manufacture of pharmaceutical preparations the compounds of formula I and their pharmaceuti- 
cal^ acceptable salts can be formulated with therapeutically inert, inorganic or organic carriers. Lactose, 
maize starch or derivatives thereof, talc, stearic acid or its salts can be used, for example, as such carriers 
for tablets, coated tablets, dragees and hard gelatine capsules. Suitable carriers for soft gelatine capsules 
are, for example, vegetable oils, waxes, fats, semi-solid and liquid polyols and the like. Depending on the 
nature of the active ingredient no carriers are, however, generally required in the case of soft gelatine 
capsules. Suitable carriers for the manufacture of solutions and syrups are, for example, water, polyols, 
saccharose, invert sugar, glucose and the like. Suitable carriers for the manu- facture of injection solutions 
are, for example, water, alcohols, polyols, glycerine, vegetable oils and the like. Natural and hardened oils, 
waxes, fats, semi-liquid polyols and the like are suitable carriers for the manufacture of suppositories. 

The pharmaceutical preparations can also contain preservatives, stabilizers, wetting agents, emulsifiers, 
sweeteners, colorants, flavorants, salts for adjustment of the osmotic pressure buffers coating agents or 
antioxidants. 

Medicaments containing a compound of formula I or a pharmaceutical^ acceptable salt thereof and a 
therapeutically acceptable carrier as well as a process for the manufacture of such medicaments are also 
objects of the present invention. This process comprises bringing a compound of formula I or a pharmaceu- 
tical^ acceptable salt thereof into a galenical administration form together with a therapeutically inert carrier 
material and, if desired, one or more other therapeutically active substances. 

As mentioned earlier, the compounds of formula I and their pharmaceutical^ acceptable salts can be 
used in the control or prevention of illnesses, especially in the control or prevention of degenerative joint 
diseases or in the treatment of invasive tumours, atherosclerosis or multiple sclerosis. The dosage can vary 
within wide limits and will, of course, be adjusted to the individual requirements in each particular case. In 
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general, in the case of administration to adults, a daily dosage of from about 5 mg to about 30 mg, 
preferably from about 10 mg to about 15 mg, should be appropriate, although the upper limit may be 
exceeded when this is found to be expedient. The daily dosage can be administered as a single dosage or 
in divided dosages. 

5 The following Examples illustrate the present invention in more detail. In these Examples all tempera- 

tures are given in degrees Celsius. 

Example 1 



10 A solution of 1.93 g of N 2 -[2(R)-[benzyloxycarbamoylmethyl]*4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide in 150 ml of ethanol was hydrogenated in the presence of 590 mg of 5% palladium-on-charcoal 
for 1 .5 hours. The catalyst was removed by filtration and the solution was evaporated to give 1 .52 g of N 2 -[- 
(R)-[hydroxycarbamoylmethyl]-4-methylvaleryl]-N\3- dimethyl-L-valinamide as a white solid; nmr (MeOD): 
4.22 (s,1H); 3.0-2.9 (m,1H); 2.73 (s,3H); 2.3 (d,d,1H,J = 14,8); 2.16 (d,d,1H, J = 14,6); 1.62-1.42 (m,2H); 1.24- 

75 1.13 (m,1H); 0.99 (s,9H); 0.94 (d,3H); 0.88 <d,3H); MS: 316 (M + H)*. 
The starting material was prepared as follows: 

(i) 3.3 g of 4-tert.butyl 2(R)-isobutyl succinate and 2.1 g of (S)-tert.butylglycine methylamide were 
dissolved in 50 ml of dimethyiformamide and the solution was cooled to O'C. 2.66 g of hydroxyben- 
zotriazole and 3.25 g of N t N'-dicyclohexylcarbodiimide were added. The mixture was allowed to warm to 

20 room temperature and was stirred overnight. Dicyclohexylurea was removed by filtration and the mixture 
was evaporated to a pale orange coloured oil which was dissolved in dichloromethane. The organic 
phase was washed with 5% citric acid solution, 5% sodium bicarbonate solution and saturated sodium 
chloride solution and then dried over anhydrous magnesium sulphate. The solvent was removed by 
evaporation to give an orange coloured foam. Purification by flash chromatography on silica gel using 

25 3% methanol/dichloromethane for the elution gave 4.49 g of N 2 -[2(R)-[tertbutoxycarbonylmethyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide as a white foam; nmr (CDCI 3 ) 6.55-6.48 (m,2H); 4.32 
(d,1H,J = 10); 2.8 (d,3H,J = 5); 2.76-2.65 (m,1H); 2.58 (d,d,1 H,J = 15,10); 2.34 (d,d,1 H,J = 15.5); 1.6-1.45 
(m,2H); 1.43 (s,9H); 1.3-1.27 <m,1H); 1.0 (s,9H); 0.9 (d,3H,J = 5) 0.86 (d,3H,J = 5). 

(ii) N 2 -[2(R)-[tertbutoxycarbonylmethyl-4-methyl]valeryl]-N 1 ,3-dirnethyl-L-valinamide were dissolved in 7 
30 ml of glacial acetic acid and treated with 10.5 ml of a solution of 4M hydrogen bromide in glacial acetic 

acid. After stirring at room temperature for 1 .5 hours the mixture was evaporated and the resulting gum 
was re-evaporated three times from 100 ml of toluene each time. The residue was dissolved in diethyl 
ether and extracted twice with 5% sodium bicarbonate solution. The aqueous extracts were acidified to 
pH 2 with hydrochloric acid and extracted twice with dichloromethane. The combined organic extracts 
35 were dried over anhydrous magnesium sulphate and evaporated to give 3.26 g of a crude white foam 
containing N 2 -[2{R)-[carboxymethyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide. 

(iii) 2.4 g of the foregoing white foam were dissolved in 60ml of dry dichloromethane and the solution 
was cooled to 0*. 0.65 ml of pyridine and 3.38 g of di(l-benzotriazolyl) carbonate were then added in 
succession. The mixture was stirred at 0* for 1 hour and then 1.18 g of Obenzylhydroxylamine were 

40 added. The solution was allowed to warm to room temperature and was stirred overnight. The mixture 
was extracted three times with 5% sodium bicarbonate solution, 2M hydrochloric acid and saturated 
sodium chloride solution. The organic phase was dried over anhydrous magnesium sulphate and 
evaporated to give a white foam. Purification by flash chromatography on silica gel using 2% 
methanol/dichloromethane for the elution gave 2.26 g of N 2 -[2(R)-[benzyloxycarbamoylmethyl]-4-methyl- 

45 valeryl]-N 1 ,3-dimethylvalinamide as a white foam; nmr (CDCI 3 ): 9.3 (s,1H); 7.35 (s,5H); 6.78 (d,1H,J = 8); 
6.28 (br.s,1H); 4.86 <s,2H); 4.24 (d,1H,J = 8); 3.0-2.8 (m,1H); 2.76 (d,3H,J = 5); 2.42-2.14 (m,2H); 1.56-1.42 
(m,2H); 1.27-1.15 (m,1H); 0.99 (s,9H); 0.88 (d,3H,J = 6); 0.85 (d,3H,J = 6); MS: 406 (M + H)\ 

Example 2 



In a manner analogous to that described in the first paragraph of Example 1 , from 300 mg of N 2 -[2(R or 
S)-[1(S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, isomer 1, there were ob- 
tained 230 mg of N 2 -[2(R or S)-[1(S)-hydroxycarbamoyl)ethyl]-4-methylvaIeryl-N 1 ,3-dimethylvalinamide, iso- 
mer 1, as an off-white solid and from 300 mg of N 2 -[2(R or S)-[1{S)-(benzyloxycarbamoyl)ethyl]-4- 
55 methylvaleryl]-N\3-dimethyl-L-valinamide, isomer 2, there were obtained 215 mg of N 2 -[2(R or S)-[1(S)- 
(hydroxycarbamoyl)- ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, isomer 2, as an off-white solid. 
The nuclear magnetic resonance and mass spectrum data for these isomers are as follows: 
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Isomer 1: 

Nmr CD 3 OD): 4.1 (S,1H); 2.75-2.64 (m,4H); 2.36-2.27 (m,lH); 1,65-1.42 (m,2H); 1.32-1.12 (m.4H); 1.02 
(s,9H); 0.95 (d,3H,J = 5); 0.9 (d,3H,J = 5); MS: 330 (M + H)\ 

5 

Isomer 2 

Nmr (CD3OD): 4.27 (s,1H); 2.72-2.62 (m,4H); 2.32-2.2 (m,1H); 1.58-1.45 (m,1H); 1.43-1.28 (m,1H); 1.13-1.05 
(m,4H); 1.02 (s,9H); 0.89 (d,3HJ = 5); 0.83 (d,3H,J = 5); MS: 330 (M = H)\ 
10 The starting materials were prepared as follows: 

(i) 18.78 g of trifluoromethanesulphonic anhydride were added dropwise to a stirred solution of benzyl 
(S)-lactate and 3.51 g of pyridine in 190 ml of dichloromethane at 0* . The mixture was stirred at 0" for a 
further 2.5 hours, then washed with water and with saturated sodium chloride solution, dried over 
anhydrous magnesium sulphate and reduced in volume to 100 ml. This solution was added dropwise to 

75 a stirred solution of 9.6 g of di-tert.butyl malonate and 1.33 g of 80% sodium hydride in 110 ml of 
dimethylformamide at 0*. The mixture was stirred at room temperature for 72 hours. The solvent was 
removed by evaporation and the residue was dissolved in ethyl acetate. The solution was washed with 
5% sodium bicarbonate solution, water and saturated sodium chloride solution, dried over anhydrous 
magnesium sulphate and evaporated to an oil. Purification by flash chromatography on silica gel using 

20 5% ethyl acetate/n-hexane tor the etution gave 9.75 g of 1-benzyl-3-tert.butoxycarbonyl-4-tert.butyl-2(S)- 
methylsuccinate as a yellow oil, nmr (CDCh): 7.38-7.34 (m,5H); 5.15 (dd,2H,J = 20,15); 3.55 (d,1H,J = 15); 
3.17-3.07 (m,1H); 1.45 (s,9H); 1.43 (s,9H); 1.23 (d,3H,J=7); MS: 379 <M + H)\ 

(ii) 1.16 g of 80% sodium hydride were added to a stirred solution of 9.72 g of 1-benzyl-3- 
tert.butoxycarbonyl-4-tert.butyl-2(S)-methylsuccinate in 75 ml of dimethylformamide. After the effer- 

25 vescence had ceased 7.09 g of isobutyl iodide were added and the solution was stirred at 80" for 5 
hours. The solvent was removed by evaporation and the residue was dissolved in ethyl acetate. The 
mixture was washed with 5% sodium bicarbonate solution, water and saturated sodium chloride solution, 
dried over anhydrous magnesium sulphate and evaporated to an oil. Purification by flash chromatog- 
raphy on silica gel gave 4.9 g of 1-benzyl-4-tert.butyl-3-tert.butoxycarbonyl-3-isobutyl-2(S)-methylsuc- 

30 cinate as an oil; nmr (CDCI 3) : 7.38-7.30 (m,5H); 5.14 (d,d,2H,J = 20.12); 3.16 (q,lH,J = 7); 1.92-1.7 <m,3H); 
1.45 (s,18H), 1.34 (d,3H,J=7); 0.9 (d,3H,J = 6); 0.86 <d,3H,J = 6); MS: 435 (M + H)\ 

(iii) 6.67 g of 1-benzyl-4-tert.butyl-3-tert.butoxycarbonyl-3-isobutyl-2(S)-methylsuccinate were stirred with 
40 ml of trifluoroacetic acid for 2 hours, the mixture was evaporated and the residue was dissolved in 
toluene and heated under reflux for 3 hours. The solvent was removed by evaporation to give 4.2 g of 1- 

35 benzyl-3(RS)-isobutyl-2(S)-methylsuccinate as a yellow oil; Rf 0.83. 

(iv) In a manner analogous to that described in Example 1{i)-(ii), from 5.3 g of 1-benzyl-3-(RS)-isobutyl-2- 
(S)-methylsuccinate there were obtained 2.4 g of N 2 -[2(RS)-[1(S)-(benzyloxy-carbamoyl)ethyl]-4- 
methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a mixture of diastereoisomers. 

The isomers were separated by preparative HPLC on a Dynamax 60A column using 1 0% isopropanol in 
40 n-hexane as the mobile phase and a flow rate of 15 ml/minute. There were obtained 908 mg of isomer 1 
(retention time 14 minutes) and 300 mg of isomer 2 (retention time 17 minutes). 

The nuclear magnetic resonance and mass spectrum data for these isomers are as follows: 

Isomer 1: 

45 

Nmr (CDCh): 9.63 (br.s,1H); 7.43-7.30 (m,5H); 6.45-6.30 (m^H); 4.35 (br.s,2H); 4.12 (d,1H,J = 8); 2.66 
(d,3H,J = 5); 2.58-2.48 (m,1H); 2.43-2.30 (m,1 H); 1.65-1.48 (m,2H); 1.3-1.2 (m,1H); 1.16 (d,3H,J = 7); 1.02 
(s,9H); 0.96-0.88 (m,6H); MS: 420 (M + H)\ 

50 Isomer 2: 

Nmr (CDCb): 9.43 (s,1H); 7.43-7.32 (m,5H); 6.85 (d,lH,J = 9); 6.5 (br q,lH,J=4); 4.93 (s,2H); 4.3 
(d,1H,J = 9); 2.74 (d,3H,J = 4); 2.72-2.63 <m,1H); 2.43-2.33 (m,1H); 1.57-1.32 (m,2H); 1.18-1.05 (m,4H); 1.01 
(s,9H); 0.85 (d,3H,J = 7); 0.8(d,3H,J = 7); MS: 420 (M + H)V 

55 

Example 3 



A mixture of 132 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)-[(5-bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H- 
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benz[d,e]isoquinol-2-yl)methyl]phosphinyl]m and 2 ml of 

trifluoracetic acid in 2 ml of dry dichloromethane was stirred at room temperature overnight. The solvent 
was removed by evaporation and the residue was evaporated twice from a 1:1 mixture of methanol and 
dichloromethane and then twice from dichloromethane. The residual solid was triturated in dry diethyl ether 

5 and dried in vacuo to give 90 mg of N 2 -[2(R or S)-[[[(5-bromo-2,3-dihydro-6-hydroxy-1 f 3-dioxo-1H-benz[d f e]- 
isoquinol-2-yl)methyl](hydroxy)phosphiny l]methy IJ-4-methylvaleryn-N 1 ,3-dimethyl-L-valinamide as a yellow 
solid; nmr (d&DMSO): 8.68 (d,1H,J = 8); 8.52 (d,1H,J = 8); 8.49 (s,1H); 7.92-7.83 (m,2H); 7.63 (d,1H,J = 10); 
4.42 (d,2H,J = 8); 4.15 (d,1H,J = 10); 3.95-3.05 (br); 2.95-2.8 <m,1H); 2.55 (d,3H,J = 4); 2.12-1.98 (m,1H); 1.86- 
1.73 (m.lH); 1.55-1.32 (m,3H); 0.96-0.75 (m,15H); MS: 624, 626. 

10 The starting material was prepared as follows: 

(i) 1.37 g of 2 <R or S)-[[(RS)-(ethoxy)(phthalimidomethyl)phosphinyl]methyl]-4-methylvaleric acid in 20 
ml of dichloromethane were cooled to 0*. 0.29 ml of pyridine and 1.52 g of di(1-benzotriazolyl)carbonate 
were then added in succession. The mixture was stirred at 0* for 1 hour and then 0.52 g of (S)- 
tertbutylglycine N-methylamide was added. The mixture was allowed to warm to room temperature and 

75 was stirred overnight. The solution was diluted with dichloromethane, washed three times with 5% 
sodium bicarbonate solution, once with 2M hydrochloric acid and once with saturated sodium chloride 
solution and then dried over anhydrous magnesium sulphate. The solvent was removed by evaporation 
and the residue was purified by flash chromatography on silica gel using 3% methanol/ dichloromethane 
for the elution to give 952 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)phthalimidomethyl)(phosphinyl)]methyl]-4- 

20 methyivaleryl]-N\3-dimethyl-L-valinamide as a white foam; nmr (CDCI 3 ) 7.94-7.72 (m,4H); 6.85-6.55 
(m,1H); 6.18-6.0 (m,1H); 4.3-4.05 (m,5H); 2.94-2.76 (m,4H); 2.36-2.13 (m,1H); 2.05-1.85 (m,2H); 1.7-1.58 
(m,1H); 1.56-1.46 (m,1H); 1.45-1.26 (m,3H); 1.06-0.85 (m,15H); MS: 508 (M + H)\ 

(ii) A solution of 820 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)phthaiimidomethyl)(phosphinyl)]methyl]-4- 
methylvalerylJ-N 1 ,3-dimethyl-L-valinamide and 0.23 ml of hydrazine hydrate in 10 ml of ethanol was 

25 stirred at room temperature overnight. The solvent was removed by evaporation and the residue was 
evaporated three times from toluene. The residue was dissolved in a mixture of 10 ml of dich- 
loromethane and 0.4 ml of glacial acetic acid and the solution was stirred at room temperature for 2 
hours. The mixture was evaporated and the residue was partitioned between diethyl ether and 5% citric 
acid solution. The aqueous phase was washed with diethyl ether, neutralized with concentrated ammonia 

30 solution and the aqueous phase was extracted twice with dichloromethane The organic extracts were 
dried over anhydrous magnesium sulphate, evaporated and redissolved in 10 ml of dichloromethane. 
0.13 ml of N-ethylmorpholine and 300 mg of 4-benzyloxy-1,8-naphthoic anhydride were added in 
succession and the mixture was stirred at room temperature for 2 days. The solution was washed with 
2M hydrochloric acid, 5% sodium bicarbonate solution and saturated sodium chloride solution and then 

35 dried over anhydrous magnesium sulphate. The solvent was removed by evaporation and the residue 
was purified by flash chromatography on silica gel using 3% methanol/dichloromethane for the elution to 
give 433 mg of N 2 -[2(R or S)-t[(RS)-(ethoxy)[6-benzyloxy-2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2- 
yl)methyl]phos-phinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a yellow solid; nmr 
(CDCI 3 ): 8.68-8.58 (m,3H); 7.76-7.7 (m,1H); 7.56-7.4 (m,4H); 7.16 (d,d,1H,J = 8.4), 7.08 (d,0.6H,J = 10); 6.9 

40 <d,0.4H,J=10); 6.23-5.96 (m,1H); 5.4 (s,2H); 4.78-4.7 (m,1H); 4.56-4.48 (m,1H); 4.34-4.15 (m,3H); 3.08- 
2.85 (m,1H); 2.8 {d,1H,J = 5); 2.72 (d,2H,J = 5); 2.45-2.28 (m,1H); 2.2-1.95 (m,1H); 1.8-1.66 (m,2H); 1.63- 

I. 4 (m,2H); 1.34 (q,2H,J=6); 1.0 (s,6H); 0.95 (s,3H); 0.92-0.85 (m,6H); MS: 664 (M + H)\ 

(iii) A solution of 400 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)[6-benzy!oxy-2,3-dihydro-1,3-dioxo-1 H-benz[d,e]- 
isoquinoi-2-yl)methyl]phosphtnyl]methyl]-4-methyl-valeryl]-N 1 ,3-dimethyl-L-valinamide in 40 ml of ethanol 

45 was hydrogenated in the presence of 100 mg of a 10% palladium-on-charcoal catalyst. The catalyst was 
removed by filtration, the filtrate was evaporated and the residue was evaporated twice from toluene to 
give 334 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e]isoquinol-2- 
yl)methyl]phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a white solid; nmr (CDCI3): 

II. 1 (brs,1H); 8.38-8.32 (m,1H); 7.83-7.72 <m,2H); 7.23-6.95 (m,3H); 6.64-6.56 (m,1H); 6.06-5.9 (m,1H); 
50 4.88-4.73 (m,1H); 4.45-4.26 <m,2H); 4.25-4.13 (m,2H); 3.05-2.9 (m.lH); 2.8-2.75 (m,3H); 2.72-2.52 (m,1H); 

2.4-2.08 (m,1H). 1.8-1.4 (m,6H); 1.02-0 88 (m,15H); MS: 574 (M + H)\ 

(iv) A solution of 300 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e]- 
isoquinol^-yOmethyllphosphinyllmethyn^-methylvalerylJ-N 1 ,3-dimethyl-L-valinamide in 10 ml of dry 
dichloromethane was cooled to 0* and a solution of 83 mg of bromine in 2 ml of dichloromethane was 

55 added. After 10 minutes the solution was washed twice with 5% sodium thiosulphate solution, dried over 
anhydrous magnesium sulphate and evaporated to give 350 mg of N 2 -[2(R or S)-[[(RS)-(ethoxy)[(5- 
bromo-2,3-dihydro-6-hydroxy-1,3-dtoxo-1H-benz[d,e3isoquinol-2-yl)methyl3phosphinyl]methyl]-4- 
methylvaleryljN 1 ,3-dimethyl-L-valinamide as a yellow solid; nmr (CDCb): 10.5-10.2 (br s,1H); 8.5-8.42 
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(m,lH); 8.3 (d,1H,J = 9); 7.53-7.46 (m,1H); 6.95 (d,0.6H,J = 8); 6.68 (d,0.4H,J = 8); 6.02-5.85 (m,1H); 4.92- 
4.77 (m,1H); 4.46-4.22 (m,4H); 3.08-2.95 (m,1H); 2.83 (d,3H,J = 5); 2.7-2.51 (m,1H); 2.43-2.12 (m,1H); 
1.84-1.45 (m,8H,(6H + H 2 0)); 1.06-0.92 (m,15H); MS: 651, 653. 

5 Example 4 



In a manner analogous to that described in the first paragraph of Example 3, from 600 mg of N 2 -[2(R or 
S)-t[(RS)-(ethoxy)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1 H-benz[d,e]-isoquinol-2-yl)methyl]phosphinyl]methyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide, prepared as described in Example 3(iii), there were obtained 411 
/o mg of N 2 -[2(R or S)-[[[(2,3-dihydro-6-hydroxy-1 .S-dioxo-IH-benzld.elisoquinol^-yOmethylKhydroxy)- 
phosphinyl]methyl-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a yellow foam; nmr {dsDMSO): 11.98 
(brs.lH); 8.56 (d,lHJ = 8); 8.52 (d,lH,J = 8); 8.4 (d,lH,J = 8); 7.9 (q,lH,J = 5); 7.8 (t,lH,J = 6); 7.63 
(d,1H,J=10); 7.18 (d,1H,J = 8); 4.44 (d, 2H,J = 9); 4.15 (d,1H,J = 10); 4.10-3.10 (brs); 2.95-2.82 (m,1H); 2.56 
(d,3H,J = 5); 2.12-2.0 (m,1H); 1.85-1.72 (m,1H); 1.55-1.32 (m,3H); 0.86-0.78 (m,15H); MS: 546 (M + H)\ 

75 

Example 5 



A solution of 550mg of N 1 -(N-ben2yloxycarbonyl-4-aminobutyl-N 2 -[2(R or S)-[[(RS)-(ethoxy)-[{2,3- 
dihydro-1,3-dioxo-1H-ben2[d,e]isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L- 

20 valinamide in 2 ml of 4M hydrobromic acid in acetic acid was stirred at room temperature for 1 hour. The 
solvent was removed by evaporation and the residual oil was evaporated from toluene. Methanol and then 
diethyl ether were added, the precipitate formed was filtered off, washed with diethyl ether and dried in 
vacuo to give 462 mg of N 1 -(4-aminobutyl)-N 2 -[2(R or S)-[[[(2,3-dihydro-l ,3-dioxo-lH-benz[d,e]isoquinol-2 
yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valinamide hydrobromide as a pale or- 

25 ange coloured solid; nmr (d 6 DMSO): 8.53 (t,4H,J = 7); 8.04 (t t 1H,J = 5); 7.94 (t,2H,J = 7); 7.72 (brs,2H); 7.65 
(d,1H,J = 9); 5.26(brs); 4.48 (d,2H,J = 9); 4.15 (d ( 1H,J = 9) 3.15-2.72 (m,5H); 2.16-2.0 (m,1H); 1.9-1.75 (m t 1H); 
1.58-1.35 (m, 7H); 0.92-0.78 (m,15H). MS: 586 (M + H)\ 
The starting material was prepared as follows: 

(i) A solution of 5 g of N-(tert.butoxycarbonyl)-tert. butyl glycine and 1.75 ml of pyridine in 100 ml of dry 
30 dichloromethane was cooled to 0° and 9.14 g of di-(1-benzotriazolyl)carbonate were added while stirring. 

After 1 hour a solution of 5.42 g of N 1 -benzyloxycarbonyl-1 ,4-diaminobutane and 1.75 ml of pyridine in 
10 ml of dichloromethane was added and the mixture was stirred at room temperature overnight. The 
mixture was washed twice with 5% sodium bicarbonate solution, once with 2M hydrochloric acid and 
once with water and then dried over anhydrous magnesium sulphate. The solvent was removed by 
35 evaporation to give 8.4 g of N 1 -(4-(benzyloxycarbonylamino)butyl)-N 2 -(tert.butoxycarbonyl)-3-methyl- 
valinamide as a white foam; nmr (CDCI 3 ): 7.35 (s,5H); 6.38 (br.sJH); 5.4-5.08 (m,4H); 3.97-3.83 (m,1H); 
3.30-3.1 (m, 4H); 1.5 (br.s,4H); 1.42 (s,9H); 0.96 (s,9H); MS: 436 (M + H)\ 

(ii) A solution of 1.6 g of N 1 -(4-(benzyloxycarbonylamino)-butyl)-N 2 -(tert.butoxycarbonyl)-3-methyl- 
valinamide in 50 ml of 4M hydrochloric acid/ethyl acetate was stirred at room temperature for 2 hours. 

40 The solvent was removed by evaporation to give 1.42 g of a white foam which was then reacted with 
1.58 g of 2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]phosphinyl]- 
methyl]-4-methylvaleric acid in a manner analogous to that described in Example 3(i) to give 1 .54 g of 
N 1 -(N-benzyloxycarbonyl-4-aminobutyl)-N 2 -[2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]- 
isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valinamide as a white foam; nmr 

45 (CDCI 3 : 8.64 (d,2H,J = 6); 8.27-8.22 (m,2H); 7.82-7.74 (m,2H); 7.38-7.27 (m,5H); 6.77 (d,0.33H,J = 9); 6.84 
(d,0.66H,J = 9); 6.25 <br.s,0.33H); 6.07 (br.s,0.66H); 5.13-4.95 (m,3H); 4.78-4.67 (m,1H); 4.55-4.43 (m,1H); 
4.3-4.06 (m,3H); 3.29-3.07 (m,4H); 3.05-2.8 (m,1 H);2.43-2.26 (m,1H); 2.17-1.94 (m,lH); 1.78-1.62 (m,3H); 
1 .6-1 .25 (m,8H); 1 .0-0.83 (m,1 5H); MS: 749 (M + H)*. 

50 Example 6 



A solution of 300 mg of N 1 -(4-nitroguantdinobutyl)-N 2 -[2-(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1,3-dioxo- 
1 H-benz[d,e]isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valinamide in 20 ml of 
80% acetic acid was hydrogenated in the presence of 30 mg of a 10% palladium-on-charcoal catalyst. The 
55 catalyst was removed by filtration, the filtrate was evaporated to dryness, the residue was dissolved in 5 ml 
of dichloromethane and 5 ml of trifluoroacetic acid and the solution was stirred at room temperature 
overnight. The solvent was removed by evaporation and residue was evaporated twice from 2 ml of 
methanol and 2 ml of dichloromethane and twice from 2 ml of dichloromethane. The residual solid was 



21 



EP 0 497 192 A2 



triturated with diethyl ether, filtered off and dried in vacuo to give 180 mg of N 1 -(4-guanidinobutyl)-N 2 -[2-(R 
or S)-[[[<2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)m^ 

methyl-L-valinamide trifluoroacetate; nmr d 6 DMSO): 8.53 (t,4H,J = 8) 8.03 (t,1H,J = 7); 7.92 (t,2H,J = 8); 7.75 
(br.s.tH); 7.1 (br.s,3H); 4.42 (d,2H,J = 10); 4.07 (d,1H,J = 7); 3.14-2.72 (m,5H); 2.12-1.98 (m,1H); 1.85-1.72 
5 (m,1H); 1.6-1.25 (m,8H); 0.95-0.7 (m,15H); MS: 629 (M + H)\ 
The starting material was prepared as follows: 

(i) A solution of 1 g of N 1 -(N-benzyloxycarbonyl-4-aminobutyl)methyl valinamide in 10 ml of ethanol was 
hydrogenated for 1 hour in the presence of 1 00 mg of a 5% palladium-on-charcoal catalyst. The catalyst 
was removed by filtration, 342 mg of 3,5-dimethyl-N-nrtro-1H-pyrazole-1-carboximidamide were added to 

10 the filtrate and the mixture was heated under reflux for 12 hours. The solvent was removed by 
evaporation and the residue was dissoved in dichloromethane. The solution was washed with 2M 
hydrochloric acid and 5% sodium bicarbonate solution, dried over anhydrous magnesium sulphate and 
evaporated to give a white foam. This was purified by flash chromatography on silica gel using 5% 
methanol/dichloromethane for the elution to give 538 mg of N 2 -(tertbutoxycarbonyl)-N 1 -[4(nitroguanidino)- 

J5 butyl]-3-methylvalinamide as a white foam; nmr (CDCfe): 8.55 (br.s,1H); 7.68 (br.s,2H); 6.66 (br.s,1H); 
5.26 (br.s,1H); 3.95 (br.s,1H); 3.55-3.2 (m,4H); 1.66-1.54 (m,4H); 1.43 (s,9H); 1.0 (s,9H); MS: 389 (M + H)\ 

(ii) 500 mg of N 2 -(tertbutoxycarbonyt)-N 1 -(4-(nitroguanidino)butyl]-3-methylvalinamide were reacted with 
554 mg of 2(R or S)-[[(RS}-(ethoxy)[{2,3-dihydro-1 ,3-dioxo-1H-benz[d,e]isoquinolyl-2-yl)methyl]- 
phosphinyl]methyl]-4-methylvaleric acid in a manner analogous to that described in Example 3(i) to give 

20 322 mg of N 1 -(4-nitroguanidinobutyl)-N 2 -[2-(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]- 
tsoquinol-2-yl)methyl]phosphinyl]methyl]-4-methyivaIeryl3-3-methyl-L-valinamide as a white foam; nmr 
(CDCI 3 ): 8.62 (d,2H,J = 7); 8.32-8.25 (m,2H); 7.83-7.75 (m,2H); 7.55 (br,1H); 7.15-6.88 (m,2H); 4.84-4.72 
(m,1H); 4.52-4.4 (m,lH); 4.3-4.15 (m,3H); 3.48 (q,2H,J = 7); 3.3-2.8 (m,3H); 2.5-2.22 (m,2H); 1.6-1.18 
<m,14H); 1.02-0.8 (m,15H); MS: 702 (M + H)\ 

25 

Example 7 



A solution of 500 mg of [N 2 -[2(R or S)-[[{RS)(ethoxy)[5-tert.butoxycarbonylamino-1-(RS)-(2,3-dihydro- 
1 H-benz[d,e]-isoquinolin-2-yl)pentyl]phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in 1 ml 

30 of glacial acetic acid and 4 ml of 45% hydrogen bromide in glacial acetic acid was stirred at room 
temperature for 4 hours. The solvent was removed by evaporation and the residue was evaporated twice 
from toluene to give a pale yellow powder as a mixture of diasteroisomers. The diasteroisomers were 
separated by reverse phase preparative HPLC on a Sphensorb S5 column using 50% methanol/0.05M 
ammonium formate at a flow rate of 8 ml/min. as the mobile phase to give: 

35 (i) 78 mg of N 2 -[2(R or S)-[[[5-amino-1(R or S)-(2,3-dihydro-1H-benztd,e]isoquinolin-2-yl)pentyl](hydroxy)- 
phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, isomer 1; retention time 22 min.; nmr 
(CD3OD): 8.56 (d,1H,J=6); 8.50 <d,1H,J = 6); 8.32 (t,2H,J = 7); 7.81 (t t 1H,J = 7); 7.73 (t, 1H,J = 7); 5.36- 
5.25 (m,1H); 4.16 (s,1H); 3.02-2.82 (m,3H); 2.7 (s,3H); 2.48-2.33 (m,1H); 2.2-1.98 (m,3H); 1.78-1.64 
(m,3H); 1.60-1.35 (m,4H); 0.97 (s,9H); 0.9 (d,3H,J = 6); 0.85 (d.3H,J = 6) MS: 601 (M + H) + ; and 

40 (ii) 70 mg of N 2 -[2(R or S)-[[[5-amino-1(R or S)-(2,3-dihydro-1 H-benz[d,e]isoquinolin-2-yl)pentyl]- 
(hydroxy)phosphinyl]methyl]-4-methylvaleryl3-N 1 ,3-dimethyl-L-valinamide, isomer 2: retention time = 34 
min.; nmr (CD 3 OD): 8.58 <d,2H,J = 7); 8.36-8.29 (m,2H); 7.85-7.75 (m,2H); 5.4-5.26 (m,1H); 4.18 (s,1H); 
2.96-2.84 (m,3H); 2.68 (s,3H); 2.47-2.32 (m,2H); 2.19-2.04 (m,1H); 1.92-1.65 (m,4H); 1.63-1.37 (m,4H); 
1.01 (s,9H); 0.87 (t,6H,J = 6); MS: 601 (M + H)\ 

45 The starting material was prepared as follows: 

(i) A solution of 11.7 g of benzyl 2(R or S)-[(ethoxyphosphinyl)methylJ-4-methylvalerate and 13.0 g of 5- 
ptha!imido-pentan-1-al in 100 mi of toluene was treated with 4.7 ml of 1 ,1,3,3-tetramethylguanidine and 
the mixture was stirred at room temperature for 12 hours. The solvent was removed by evaporation and 
the residue was purified by flash chromatography on silica gel using ethyl acetate/n-hexane (2:1) for the 

50 elution to give 8.8 g of a white foam. This foam was dissolved in 150 ml of ethanol, 2.36 ml of hydrazine 
hydrate were added and the mixture was stirred at room temperature overnight. The solvent was 
removed by evaporation and the residue was dissolved in dichloromethane. 5 ml of glacial acetic acid 
were added and the mixture was stirred at room temperature for 1 hour. The mixture was then filtered, 
evaporated to dryness and the residue was partitioned between diethyl ether and 2M hydrochloric acid. 

55 The aqueous phase was made basic with concentrated ammonia solution and extracted* three times with 
dichloromethane. The combined extracts were dried over anhydrous magnesium sulphate, evaporated 
and redissolved in 100 ml of dioxan and 100 ml of water. 2.49 g of sodium bicarbonate and then 3.87 g 
of di-tert. butyl dicarbonate were added and the mixture was stirred at room temperature overnight. The 
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solvent was removed by evaporation and the residue was partitioned between water and ethyl acetate. 
The organic phase was washed with 5% citric acid solution, dried over anhydrous magnesium sulphate, 
evaporated and redissolved in 100 ml of dry dichloromethane. The solution was cooled to O'C and 
treated with 10.93 ml of pyridine and then dropwise with 1.58 ml of methanesulphonyl chloride. The 
5 mixture obtained was stirred at O'C for 2 hours and then at room temperature overnight. The solvent 
was removed by evaporation and the residue was purified by flash chromatography on silica gel using 
ethyl acetate/n-hexane (3:1) for the elution to give 5.5 g of benzyl(2-(R or S)-[[(RS)-(ethoxy)[l (RS)- 
methanesulphonyloxy-5-(tert.butylcarbonylamino)pentyl]phosphinyl]methyl]-4-methylvalerate as a white 
foam. 

w The foregoing benzyl ester was dissolved in 100 ml of dimethylformamide and 1.21 g of sodium 

azide were added to the solution. The mixture was heated at 70 'C for 48 hours, the solvent was 
removed by evaporation and the residue was dissolved in 50 ml of dichloromethane. The organic layer 
was washed with 50 ml of sodium bicarbonate solution and with 50 ml of saturated sodium chloride 
solution, dried over anhydrous magnesium sulphate and evaporated to give a yellow oil. Purification by 

75 flash chromatography on silica gel using ethyl acetate/n-hexane (3:1) for the elution gave 3.65 g of 
benzyl 2(R or S)-[[(RS)-(ethoxy)[1 -(RS)-azido-5-tert.butoxycarbonylaminopentyl]phosphinyl]methyl]-4- 
methyivalerate as a off-white foam; nmr (CDCI 3 ): 7.37 (s,5H); 5.2-5.1 (m,2H); 4.56 (brs,1H); 4.17-4.03 
(m,2.5H); 3.43-3.33 (m,0.5H); 3.25-3.05 (m,2H); 3.02-2.87 (m,1H); 2.39-2.15 (m,1H); 1.98-1.75 (m,2H); 1.7- 
1 .23 (m,20H); 0.92 (d,3H,J = 6); 0.87 (d,3H, J = 6); MS: 539 (M + H)* . 

20 (ii) 2.04 ml of 1,3-propanedithiol were added dropwise to a stirred solution of 3.65 g of benzyl 2(R or S)- 
[[(RS)-(ethoxy)[1-(RS)-azido-5-tert.butoxycarbonylaminopentyl]phosphinyl]methyl]-4-methylvalerate and 
2.83 ml of triethylamine in 80 ml of methanol. The mixture was stirred at room temperature overnight, the 
solvent was removed by evaporation and the residue was purified by flash chromatography on silica gel 
using 4% methanol/dichloromethane for the elution to give 3.25 g of benzyl 2(R or S)-[[(RS)-(ethoxy)[1- 

25 (RS)-amino-5-tert.butoxycarbonyIaminopentyl]phosphinyl]methyl]-4-methylvalerate as an off-white foam; 
nmr (CDCb): 7.36 (s,5H); 5.2-5.08 (m,2H); 4.6 (brs,1H); 4.2-3.98 (m,2H); 3.17-3.08 (m,2H); 3.0-2.76 
(m,2H); 2.4-2.13 (m,lH); 2.0-1.25 (m,25H); 0.98-0.86 (m,6H); MS: 513 (M + H)\ 

(iii) A solution of 3.25 g of benzyl 2-(R or S)-[[(RS)-(ethoxy)[1-(RS)-amino-5- 
tert.butoxycarbonylaminopentyl]phosphinyl]methyl]-4-methylvalerate and 1.52 g of 1 ,8-naphthalic anhy- 

30 dride in 50 ml of dimethylformamide was treated with 0.96 ml of 1 ,1 ,3,3-tetramethylguanidine. The 
mixture was heated at 50° C for 48 hours, the solvent was removed by evaporation and the residue was 
dissolved in dichloromethane. The solution was washed with 2M hydrochloric acid, 5% sodium bicar- 
bonate solution and saturated sodium chloride solution, dried over anhydrous magnesium sulphate and 
evaporated to give a yellow gum. Purification by flash chromatography on silica gel using 2% 

35 methanol/dichloromethane for the elution gave 1.78 g of benzyl 2-(R or S)-[[(ethoxy)[5-tert.butoxyc 
arbonylamino-1-(RS)-(2,3-dihydro-1 H-benz[d,e]isoquinolin-2-yl)pentyl]phosphinyl]methyl]-4- 
methylvalerate as a yellow foam. 

The foregoing benzyl ester was dissolved in 20 ml of isopropanol and the solution was hydrogenated in 
the presence of 300 mg of 10% palladium-on-charcoal. The catalyst was removed by filtration, and the 

40 filtrate was evaporated and the residue was dissolved in dry dichloromethane and cooled to O'C. The 
solution was treated with 0.2 ml of pyridine and then with 1.09 g of di-(1-benzotriazotyl)carbonate. The 
mixture was stirred at O'C for 1 hour and then a solution of 0.4 g of N\3-dimethyl-L-valinamide in 1 ml of 
dichloromethane was added. The mixture was stirred at O'C for 2 hours and then at room temperature 
overnight. The mixture was diluted with dichloromethane, washed three times with 5% sodium bicarbonate 

45 solution, dried over anhydrous magnesium sulphate and evaporated to give a yellow foam. Purification by 
flash chromatography on silica gel using 3% methanol/dichloromethane for the elution give 1.12 g of [IM 2 -[2- 
(R or S)-(ethoxy)[5-tert.-butoxycarbonylamino- 1 -(RS)-{2,3-dihydro-1 H-benz[d,e]iso-quinolin-2-y l)pentyl]- 
phosphinyl]methyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide as a pale yellow foam; nmr (CDCIs): 8.66- 
8.46 (m,2H); 8.3-8.22 (m,2H); 7.83-7.72 (m,2H); 7.12-6.73 (m,1H); 6.28-6.17 (m,1H) 5.68-5.4 (m,1H); 4.6-4.48 

50 (m,1H); 4.3-4.06 (m,3H); 3.1-2.96 (m,2H); 2.93-2.73 (m,4H); 2.6-2.04 (m,3H); 1.78-1.3 (m,l8H); 1.28-0.82 
(m,15H); MS: 729 (M + H)*. 

Example 8 



55 In a manner analogous to that described in the first paragraph of Example 3, from 120 mg of N 2 -[2(R or 
S)-[E(RS)-(ethoxy)[1(RS)-(2 l 3-dihydro-1H-benz[d,e]isoquinolin-2-yl)-2-hydroxyethyl]phosphinyl]methyl]-4- 
methylvalery!]-N\3-dimethyl-L-valinamide there were obtained 105 mg of N 2 -[2(R or S)-[[[1(RS)-(2,3- 
dihydro-1H-benz[d,e]isoquinolin-2-yl)-2-hydroxyethyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3- 
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dimethyl-L-valinamide as a 2:1 mixture of diastereoisomers as a white foam; nmr (CD 3 OD): 8.78-8.66 
(m,2H); 8.43-8.35 (m,2H); 7.90-7.8 (m,2H); 5.93-5.8 (m,0.5H); 5.72-5.6 (m,0.5H); 5.15-5.06 (m,1H); 4.32-4.13 
(m,2H); 3.13-2.9 (m,1H); 2.72 (s,3H); 2.64-1.95 (m,3H); 1.72-1.37 (m t 3H); 1.05-0.84 (s,15H); MS: 558 (M-H)~. 
The starting material was prepared as follows: 

5 In a manner analogous to that described in Example 7(i)-(iii), from 1-diphenyltert.butylsilyloxy)ethan-1-al 

there was obtained N 2 -[2(R or S)-[[(RS)-(ethoxy)[t (RS)-(2,3-dihydro-l H-benz[d,e]isoquinolin-2-yl)-2- 
hydroxyethyl3phosphinyl]methyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide as a white foam; nmr (CDCb): 
8.66-8.58 (m,2H); 8.3-8.23 (m,2H); 7.83-7.75 (m,2H); 6.99-6.8 (m,1H); 6.11-5.9 (m,1H); 5.8-5.57 (m,1H); 4.58- 
4.35 (m,1H); 4.32-4.05 (m,4H); 3.52 (brs,0.5H); 3.16 (brs,0.5H); 2.96-2.72 (m,4H); 2.7-2.3 (m,2H); 2.25-1.92 

10 (m,1H); 1.55-1.23 (m,5H); 1.05-0.82 (m,15H); MS: 588 (M + H)\ 

Example 9 



In a manner analogous to that described in the first paragraph of Example 7, from 250 mg of N 2 -[2(R or 
75 S)-[[(RS)-(ethoxy)[3-tert.butoxycarbonylamino-1 (RS)-(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)- 

propyl]phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there were obtained 205 mg of N 2 -[2- 
(R or S)-[[[3-amino-1 (RS)-(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)propyl3{hydroxy)phosphinyl]- 
methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a 1:1 mixture of diasteroisomers as a white foam; 
nmr (CD 3 OD): 8.55 (t,2H,J = 7); 8.34 <d,2H,J = 7); 7.82-7.74 (M,2H); 5.42-5.26 (m,1H); 4.34 (d, 1H,J = 5); 3.02- 
20 2.85 (m,3H), 2.63-2.44 (m,5H); 2.42-2.14 (m,2H); 2.01-1.98 (m,1H); 1.65-1.3 (m,3H); 0.95-0.76 <m,15H); MS: 
573 (M + H)* . 

In a manner analogous to that descriged in Example 7(i)-iii, from 3-(tert.butoxycarbonylamino)-propan-1- 
al there was obtained N 2 -[2(R or S)-[[(RS)-(ethoxy)[3-tert.butoxycarbonyl-amino-1(RS)-(2,3)-dihydro-1,3- 
dioxo-1 H-benz[d t e]isoquinol-2-yl)propyl]phosphinyl]methyl]-4-methyIvaleryl}-N 1 ,3-dimethyl-L-valinamide as a 
25 1:1 mixture of diastereoisomers as a white foam; nmr (CDCI 3 : 8.63-8.56 (m,2H); 8.3-8.22 (m,2H); 7.85-7.74 
(m,2H); 7.07 (d ( 0.5H,J = 9); 6.92 (d,0.5H,J = 9); 6.71 (br. q,0.5H,J = 4); 6.17 (br. q,0.5H,J = 4); 5.57-5.4 (m,1H); 
5.2 (br. t,1H,J = 5); 4.3-4.07 (m,3H); 3.49 (br. s t 1H); 3.02-2.46 <m,5H); 2.4-2.22 (m,1H); 2.18-2.06 (m,1H); 
1.89-1.56 (m,4H); 1.46-1.32 (m,12H); 1.06-0.86 (m,15H); MS: 701 (M + H)\ 

30 Example 10 



A mixture of 0.276 g of [2(R or S)-E(R)-(benzyloxyformamido)[[(2,3-dihydro-1 ,3-dioxo-1H-benz[d,e]- 
isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl3-4-methylvaleric acid and 0.144 g of L-2-(tert.butyl)glycine 
methylamide in 25 ml of toluene was heated under reflux (bath temperature 1 40 • C) in a nitrogen 

35 atmosphere for 7 hours. The solvent was removed by evaporation and the residue was dissolved in 1 5 ml of 
dichloromethane containing 0.3 g of trifluoroacetic acid and re-evaporated. After two further evaporations 
from 10 ml of ethanol the residue was dissolved in 4 ml of ethanol and the product was precipitated by the 
gradual addition of 10ml of water. There was obtained 0.26 g of N 2 -[2(R or S)-[(R)-(benzyl-oxyformamido)[[- 
(2 t 3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N l ,3- 

40 dimethyl-L-valinamide in the form of a white solid; MS: 679 (M + H)*. 
The starting material was prepared as follows: 

(i) A mixture of 1 9.8 g of crystalline hypophosphorous acid and 36 g of trimethyl orthoformate was stirred 
at room temperature under a nitrogen atmosphere for 1.5 hours. 27.6 g of diethyl ac- 
etamidomethylenemalonate were added to the solution and the mixture was cooled to O'C. Then, a 

45 solution of 11.5 g of 1,1 ,3,3-tetramethylguanidine in 20 ml of dichloromethane was added while 
maintaining the temperature at 0-1 O'C. After completion of the addition the mixture was stirred at room 
temperature for 3 hours, then diluted with of dichloromethane and poured on to a mixture of 250 ml of 
2M hydrochloric acid and ice. The organic phase was separated and the aqueous phase was extracted 
three times with dichloromethane. The organic solutions were combined and evaporated to give 40 g of a 

50 pale yellow oil which was dissolved in a mixture of 70 ml of dichloromethane and 60 ml of trifluoroacetic 
acid. The solution was left to stand at room temperature for 24 hours and was then evaporated. Toluene 
was added to the residue and the solution obtained was evaporated. The residue was dissolved in ether 
and left to crystallize for 24 hours. The solid was filtered off ad dried in vacuo to give 29.34 g of diethyl 
2-[(acetamido)(hydroxyphosphinyl)methyl]malonate in the form of a white solid of m.p. 113-114' C. 

55 (ii) 12.0 g of diethyl 2-[(acetamido)(hydroxyphosphinyl)methyl]malonate were dissolved in 100 ml of dry 
dimethyl sulphoxide and the solution was cooled to 10* C while stirring under a nitrogen atomosphere. 
3.2 g of 60% sodium hydride in mineral oil were added, the mixture was stirred at room temperature for 
2 hours and then 8 g of isobutyl iodide were added. The mixture was stirred at room temperature in the 
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dark for 20 hours and 20 ml of glacial acetic acid were added. The volatiles were removed by 
evaporation in a high vacuum and the resulting semi-solid residue was dissolved in 100 ml of water 
containing 15 ml of 50% hypophosphorous acid. The solution was extracted eight times with ethyl 
acetate and the combined extracts were dried over sodium sulphate and evaporated. The residue was 

5 dissolved in dichloromethane and the solution was washed in sequence with water and saturated sodium 
chloride solution. The dichloromethane solution was dried over sodium sulphate and evaporated, and the 
residue was crystallized from diethyl ether/n-hexane to give 6.28 g of diethyl 2-[(acetamido)- 
(hydroxyphosphinyl)methyl]-2-isobutylmalonate in the form of a white solid; MS: 352 (M + H)\ 

The combined water and sodium chloride washings from the foregoing paragraph were extracted 

w with dichloromethane to give, after evaporation of the solvent and crystallization of the residue from 
diethyl ether/n-hexane, a further 1.68 g of product. 

(iii) 1 .5 g of S-(-)-a-methylbenzylamine and 0.2 g of water were added to a stirred suspension of 3.51 g 
of diethyl 2-[{acetamido)(hydroxyphosphinyl)methyl]-2-isobutylmalonate in 50 ml of diethyl ether. The 
mixture was stirred and left to crystallize for 4 hours. The white solid was collected and recrystallized 

75 from 50 ml of ethyl acetate containing 0.2 g of water. There were obtained 1.7 g of diethyl 2-[(R)- 
acetamido)(hydroxyphosphinyl)methyl]-2-isobutylmalonate 1(S)-phenylethylamine salt in the form of 
white crystals of melting point 108-110*C; [afcVg = 13.3* (c = 0.5% in methanol). 

A suspension of 15 g of the foregoing salt in 150 ml of ethyl acetate was shaken with 200 ml of a 
4% aqueous sodium hydrogen carbonate solution until all of the solid had dissolved. The aqueous phase 

20 was separated and the ethyl acetate phase was extracted twice with 4% aqueous sodium hydrogen 
carbonate solution. The combined aqueous extracts were acidified with concentrated hydrochloric acid to 
a pH below 1 and extracted eight times with dichloromethane. The combined extracts were dried over 
anhydrous sodium sulphate and evaporated to give a colourless gum which was crystallized from diethyl 
ether/n-hexane. After 2 hours the solid was collected and dried to give 10.1 g of diethyl 2-[(R)- 

25 (acetamido)(hydroxyphosphinyl)methyl]-2-isobutylmalonate in the form of white crystals of melting point 
105-106° C; [a]s 2 8 0 9 = 8.1 ' (c = 0.5% in methanol). 

(iv) A mixture of 0.58 g of N-bromomethyl-1,8-naphthalimide and 0.7 g of diethyl 2-[(R)-(acetamido)- 
(hydroxyphosphinyl)- methyl]-2-isobutylmaIonate in 20 ml of dry chloroform was treated with 10 ml of 
1,1,1, 3,3, 3-hexamethyldisilazine and 10 ml of bis(trimethylsilyl)acetamide. The mixture was stirred at 

30 50 "C for 20 hours under a nitrogen atomosphere, cooled and poured into a mixture of 2M hydrochloric 
acid and ice. After shaking the chloroform phase was separated and the aqueous phase was extracted 
twice with chloroform. The extracts were combined, dried over magnesium sulphate and evaporated to 
give a residue which was purified by chromatography on silica gel using 
dichloromethane/methanol/acetic acid/water (240:24:3:2) for the elution. After crystallization of the product 

35 from ethyl acetate there was obtained 0.64 g of diethyl 2-[(R)-(acetamido)[[(2,3-dihydro-1 ,3-dioxo-1 H- 
benz[d,e]isoquinol-2-yl)methyl](hydroxy)- phosphinyl]methyl]-2-isobutylma!onate in the form of an off- 
white powder of melting point 202-203 *C. 

(v) 2.8 g of diethyl 2-[(R)-(acetamido)[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]<hydroxy)- 
phosphinyl]methyl]-2-isobutylmalonate were dissolved in 25 ml of dimethyl sulphoxide containing 0.09 g 

40 of water and 0.88 g of lithium chloride. The mixture was heated at 1 80 * C while stirring under a nitrogen 
atomosphere for 3.5 hours. After cooling the mixture was poured into 1 50 ml of 2M hydrochloric acid and 
extracted four times with dichloromethane. The combined extracts were washed twice with water, dried 
over magnesium sulphate and evaporated to give an orange coloured foam which was chromatographed 
on silica gel using dichloromethane/methanol/acetic acid/water (120:15:3:2) for the elution. There were 

45 obtained 2.03 g of ethyl 2(R or S)-[(R)-(acetamido)[[(2,3-dihydro-1 ,3-dioxo-1H-benz[d,e]isoquinol-2-yl)- 
methyl](hydroxy)phosphinyl]methyl]-4-methylvalerate which was dissolved in a mixture of 27 ml of acetic 
acid, 24.5 ml of concentrated hydrochloric acid and 16 ml of water. The solution was heated under reflux 
for 8 hours, cooled and evaporated. The residue was evaporated several times in the presence of 10% 
methanol in toluene and the residue obtained was triturated with acetonitrile. There were obtained 1.6 g 

so of 2(R or S)-[(R)-{amino)[[(2,3-dihydro-1,3-dioxo-1H-benztd,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]- 
methyl]-4-methylvaleric acid which was suspended in a mixture of 120 ml of water and 20 ml of 
tetrahydrofuran. 3.4 g of potassium carbonate and 2.34 ml of benzyl chloroformate were added and the 
mixture was stirred at room temperature under a nitrogen atomosphere for 20 hours. 100 ml of 10% 
methanol in dichloromethane were added and the pH of the aqueous layer was adjusted to less than 1 

55 by the addition of concentrated hydrochloric acid. The organic phase was separated and the aqueous 
phase was extracted three times with dichloromethane. The combined organic solutions were washed 
with water, dried over magnesium sulphate and evaporated to give a brown residue which was 
crystallized from ethyl acetate/diethyl ether. There were obtained 1.2 g of 2(R or S)-[(R)- 
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(benzyloxyformamido)[[(2,3-dihydro-1 ,3-dioxo- 1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- phosphinyl]- 
methyl]-4-methylvaleric acid in the form of an off-white solid; MS: 553 (M + H) . 

Example 1 1 



A suspension of 0.6 g of N 2 -[2(R or S)-[{R)-(benzyloxyformamido)[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e}- 
isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide and 0.2 g of 
10% palladium-on-carbon in 150 m( of methanol was shaken under a hydrogen atornosphere for 20 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give a white foam which was 
triturated with diethyl ether, filtered off and washed with n-hexane. After drying in vacuo there was obtained 
0.47 g of N 2 -[2(R or S)-[(R)-(amino)[[2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phos 
phinyl]methyl]-4-methylvaIeryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white powder; MS: 545 (M + H) . 

Example 12 



95 mg of N 2 -[2(R or S)-[(R)-(amino)[[2,3-dihydro-1 ,3-dioxo- 1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]methyl]-4-methylvaleryl]-N\3-dimethyl-L-valtnamide were dissolved in 2 ml of dry pyridine and 
100 mg of acetic anhydride were added. The solution was stirred at room temperature for 3 hours under a 
nitrogen atmosphere and was then poured into a stirred mixture of 50% hydrochloric acid and diethyl ether. 
The precipitate obtained was filtered off and dried in vacuo to give 95 mg of N 2 -[2(R or S)-[(R)-acetamido)[[- 
(2,3-dihydro-1 1 3-dioxo-1H-benzEd,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N\3- 
dimethyl-L-vafinamide in the form of a white powder; MS: 587 (M + H) . 

Example 13 



A mixture of 0.568 g of 2-(R or S)-[(R)-(benzyloxyformamido)[t(2,3-dihydro-6-hydroxy-1 ,3-dioxo- 1 H- 
benz[d,e]isoquinol-2-yl)methyt](hydroxy)phosphinyl]methyl]-4-methylvaleric acid and 0.29 g of L-2- 
(tert.butyl)glycine methylamide in 45 ml of toluene and 10 ml of 3-methyl-3-pentanol was heated under 
reflux (bath temperature 140'C) under a nitrogen atornosphere for 21 hours. The solvents were removed by 
evaporation, the residue was dissolved in methanol and the solution was filtered. The filtrate was 
concentrated to 5 ml and 10 ml of 5M hyrochloric acid were added dropwise white stirring. After 30 minutes 
the precipitated solid was collected by filtration, washed with water, diethyl ether and n-hexane and dried in 
vacuo at 60 *C. There was obtained 0.506 g of N 2 -[2(R or S)-[[(R)-(benzyl- carbonyloxyamino)[(2,3-dihydro- 
6-hydroxy-1 ,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N\3- 
dimethyl-L-valinamide in the form of a yellow solid; MS: 695(M + H)\ 

The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 10(iv) from 1.76 g of diethyl 2-[(R)-(acetamido)- 
(hydroxyphosphinyl)- methyl]-2-isobutylmalonate and 2.0 g of 4-benzyloxy-N-bromomethyl-1,8-naph- 
thalimide there were obtained 1.51 g of 2[(R)-(acetamido)[[(6-benzyloxy-2,3-dihydro-1 ,3-dioxo- 1H-benz- 
[d,e]isoquinol-2-yl)methyl[(hydroxy)phosphinyl]methyl3-2-isobutylmalonate in the form of a yellow solid; 
MS: 667 (M + H)*. 

(ii) A mixture of 5.29 g of diethyl 2[(R)-(acetamido)[[(6-benzyloxy-2 ) 3-dihydro-1 ,3-dioxo-1 H-benz[d,e]- 
isoquinol-2-yl)methyl[(hydroxy)phosphinyl]methyl]-2-isobutylmalonate and 1.0 g of 10% palladium-on- 
carbon in 100 ml of ethanol was shaken in a hydrogen atmosphere until the uptake of hydrogen has 
ceased. The catalyst was removed by filtration and filtrate was evaporated to give 4.48 g of diethyl 2-[- 
(R)-(acetamido)[[2,3-dihydro-6-hydroxy-1 ,3-dioxo- 1 H - benz[d,e3isoquinol-2-yl)methyl](hydroxy)- 
phosphiny!]methyl]-2-isobutyImalonate in the form of a yellow foam; MS: 577 (M + H)*. 

In a manner analogous to that described in Example 10(v), but using t-methyl-2-pyrrolidinone in place 
of dimethylsulphoxide as the solvent in the first stage, from 7.89 g of diethyl 2-[(R)-(acetamido)[[2,3-dihydro- 
6-hydroxy-1,3-dioxo-1H-benz[d,e]-isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-2-isobutylmalonate 
there were obtained 2.8 g of 2-(R or S)-[(RHbenzyloxyformamido)[[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H- 
benz[d,e3isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleric acid in the form of a yellow 
solid; MS: 569 (M + H)*. 

Example 14 



A mixture of 0.284 g of N 2 -[2(R or S)-[(R)-(benzyloxyformamido)(hydroxyphosphinyl)methyl]-4- 
methylvaleryt]-N\3-dimethyl-L-valinamide and 0.48 g of 4-benzyloxy-N-bromomethyl-1,8-naphthatimide in 
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16 ml of dry chloroform was heated at 60* for 0.5 hour while stirring under an argon atomosphere. 0.7 ml of 
bis(trimethylsilyl)acetamide was added and heating was continued for an additional 4.9 hours. The solution 
was cooled and poured into 50 ml of dilute hydrochloric acid. The mixture was extracted three times with 
dichloromethane and the combined extracts were evaporated to give a residue which was purified by 
5 chromatography on silica gel using dichloromethane/ methanol/acetic acid/water (240:24:3:2) for the elution. 
There was obtained 0.4 g of N 2 -[2{R or S)-[[[(6-benzyloxy)-2,3-dihydro -1 ,3-dioxo-1 H-ben2[d,e]isoquinol-2- 
yl)methyl]hydroxy)phosphinyl]-(R)-(benzyloxyformamido)methyll-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide 
in the form of a yellow powder; MS: 785 (M + H) . 
The starting material was prepared as follows: 
io (i) 7.02 g of diethyl 2-[(R)-(acetamido)(hydroxyphosphinyl)methyl]-2-isobutylmalonate were suspended in 
20 ml of water and 1.76 g of lithium hydroxide monohydrate were added. The mixture was stirred at 
room temperature for 3 days and was then acidified by the addition of 6 ml of concentrated hydrochloric 
acid. The solution was then saturated with sodium chloride and extracted ten times with dichloromethane. 
The combined extracts were dried over anhydrous magnesium sulphate and evaporated to give 6.0 g of 
75 ethyl hydrogen 2-[{R)-(acetamido)- (hydroxyphosphinyl)methyl]-2(RS)-isobutylmalonate in the form of a 
white foam as a 3:1 mixture of diasteroisomers; MS: 324 (M + H) . 

(ii) A mixture of 13.47 g of ethyl hydrogen 2-[(R)-(acetamido)(bydroxyphosphinyl)methyl]-2(RS)-isobutyl- 
malonate and 8.42 g of triethylamine in 420 ml of dry toluene was heated under reflux for 2 hours. After 
cooling the solvent was removed by evaporation and the residue was dissolved in a mixture of 96 ml of 
20 water and 1 44 ml of concentrated hydrochloric acid and the solution was heated under reflux for 4 hours 
under a nitrogen atmosphere. The solution was evaporated to dryness and the 2-[(R)-(amino)- 
(hydroxyphosphinyl)methyl]-4-methylvaleric acid obtained was dissolved in 225 ml of aqueous saturated 
sodium hydrogen carbonate solution and 45 ml of tetrahydrofuran. 30 g of solid sodium hydrogen 
carbonate and 45 ml of benzyl chloroformate were added and the mixture was stirred at room 
25 temperature for 48 hours in a nitrogen atmosphere. The solution was extracted twice with diethyl ether 
and the aqueous solution was acidified by the careful addition of hydrochloric acid and then extracted 
five times with dichloromethane containing 10% methanol. The extracts were dried over magnesium 
sulphate and evaporated to give a colourless gum which was crystallized from ethyl acetate. There were 
obtained 7.0 g of 2(R or S)-[(R)-benzyloxyformamido)(hydroxyphosphinyl)methyl]-4-methylvaleric acid as 
30 a single diasteroisomer in the form of a white solid; MS: 344 (M + H) . 

A further 0.52 g of the above diasteroisomer was obtained from the mother liquor of the above 
crystallization by fractional crystallizations from ethyl acetate. 

A mixture of 1.37 g of 2(R or S)-E(R)-(benzyloxyformamtdo)(hydroxyphosphinylmethyl)]-4-methylvaleric 
acid, 0.67 g of L-2-(tert.butyl)glycine N-methylamide and 0.24 g of N-ethyl-morpholine in 40 ml of dry 
35 toluene was heated at reflux (bath temperature 140* C) under nitrogen for 12 hours. The solution was cooled 
and the solvent was removed by evaporation. The residue was dissolved in 30 ml of ethyl acetate and the 
solution was shaken with 30 ml of 50% hydrochloric acid. The aqueous layer was separated and extracted 
eight times with dichloromethane. The organic solutions were combined and evaporated, and the residue 
was triturated with 25 ml of hot ethyl acetate. After cooling the insoluble material was filtered off and dried 
40 in a vacuum. There were obtained 1.74 g of N 2 -[2(R or S)-[(R)-(benzyloxyformamido)(hydroxyphosphinyl)- 
methyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide in the form of a white solid; MS: 493 (M + Na) . 

Example 15 



45 In a manner analogous to that described in Example 11, from 0.5 g of N 2 -[2(R or S)-[[(R)- 
(benzylcarbonyloxyamino)[(2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)- methyl](hydroxy)- 
phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, obtained as described in the first paragraph 
of Example 13, there was obtained 0.29 g of N 2 -[2(R or S)-[[(R)-(amino)[(2,3-dihydro-6-hydroxy-1 ,3-dioxo- 
1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy) phosphinyljmethyn^-methylvaleryn-NVS-dimethyl-L-valinamide; 

50 MS: 561 (M + H)\ 

Example 16 



In a manner analogous to that described in the first paragraph of Example 11, from 0.28 g of N 2 -[2(R or 
55 S)-[[[(6-benzyloxy)-2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-(R)- 

(benzyloxyformamido)-methyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide, obtained as described in Exam- 
ple 14, there was obtained 0.19 g of N 2 -[2(R or S)-[[(R)-(amino)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz- 
[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the 
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form of a yellow powder; MS: 561 (M + H) . 
Example 17 



5 0.45 g of N 2 -[2(R or S)-[[(R)-(amino)[(2 ) 3-dihydro-6-hydroxy-1 ( 3-dioxo-1H-ben2td,e]isoquinol-2-yi)- 

methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide was dissolved in 10 ml of 
glacial acetic acid and 7.6 ml of a solution of bromine, prepared by dissolving 2 g of bromine in 100 ml of 
dichloromethane, was added dropwise over 10 minutes. The mixture was stirred at room temperature for 4 
hours and the solvents were removed by evaporation. The residue was dissolved in methanol and 

w evaporated. This procedure was repeated twice and the solid residue was then triturated with ethyl acetate, 
filtered off and dried in vacuo. There were obtained 595 mg of N 2 -[2(R or S)-[[(R)-(amino)[(5-bromo-2,3- 
dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl3(hydroxy)phosphinyl]methyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide hydrobromide in the form of a yellow powder; MS: 639/641 
(M + H)\ 

15 

Example 18 



0.062 g of 3-[[(2,3-dihydro-1,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-2-isobutyl- 
8-phthalimidooctanoic acid (diasteroisomer 1) was suspended in a mixture of 2 ml of dichloromethane and 4 

20 ml of toluene. 0.5 ml of oxalyl chloride and 1 drop of dimethylformamide were added and the mixture was 
stirred at room temperature for 5 hours. The solvents were removed by evaporation and the residue was 
dissolved in dry dichloromethane. A solution of 0.1 g of N-ethylmorpholine and 0.04 g of L-2-(tert.butyl)- 
glycine methylamide in 1 ml of dichloromethane was added and the mixture was stirred at room 
temperature for 1 hour. The mixture was then poured into 10 ml of 1M hydrochloric acid, shaken and the 

25 dichloromethane phase was separated. The aqueous phase was extracted twice with dichloromethane and 
the combined dichloromethane solutions were evaporated. There was obtained 0.058 g of a 1 :1 mixture of 
dtasteroisomers 1A and 1B of N 2 -[3(RS)-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]- 
(hydroxy)- phosphinyl]-2-isobutyl-8-phthalimidooctanoyl]-N 1 ,3-dimethyl-L-valinamide in the form of a white 
foam; MS: 745 (M + H)*. 

30 The starting material was prepared as follows: 

(i) A solution of 2.95 ml of titanium tetrachloride in 8 ml of carbon tetrachloride was added dropwise 
while stirring under a nitrogen atmosphere to 50 ml of dry tetrahydrofuran at 0 * . The resulting yellow 
suspension was treated with a solution of 2.45 g of 6-phthalimidohexan-1-al and 3.55 g of dibenzyl 
malonate in 40 ml of tetrahydrofuran and the mixture was stirred at 0" for 2 hours. A solution of 4.5 g of 

35 dry pyridine in 12 ml of dry tetrahydrofuran was added dropwise to give a blood-red suspension. The 
mixture was left to come to room temperature and was stirred for 18 hours while maintaining the nitrogen 
atmosphere. 200 ml of 2M sulphuric acid were added and the mixture was extracted four times with 
dichloromethane. The combined extracts were washed with sodium chloride solution, dried over anhy- 
drous magnesium sulphate and evaporated. The residue was purified by chromatography on silica gel 

40 using ethyl acetate/n-hexane (1:2) for the elution to give 3.6 g of dibenzyl 2-(6-phthalimidohexylidene)- 
malonate as a colourless oil. 

(ii) 3.6 g of dibenzyl 2-(6-phthalimidohexylidene)malonate were added to a solution of 0.88 g of 
crystalline hypophosphorus acid in 10 ml of dry dichloromethane, the solution was cooled to 0* and then 
2.8 g of triethylamine and 2.8 g of trimethylsilyl chloride were added. After stirring at room temperature 

45 for 3 hours the mixture was poured into 60 ml of 1M hydrochloric acid and the resulting solution was 
extracted four times with dichloromethane. The combined extracts were dried ad evaporated to give 3.9 
g of a colourless gum containing crude dibenzyl 2-[1(RS)-(hydroxyphosphinyl)-6-phthalimidohexyl]- 
malonate which was dissolved in 40 ml of dry dimethyl sulphoxide and reacted with isobutyl iodide in a 
manner analogous to that described in Example 10(ii). After purification of the crude product by 

so chromatography on silica gel using dichloromethane/methanol/acetic acid/water (240:24:3:2) for the 
elution there was obtained 2.0 g of dibenzyl 2-t1(RS)-(hydroxyphosphinyl)-6-phthalimidohexyl]-2-isobutyl- 
malonate as a colourless gum. 

(iii) 5.85 g of dibenzyl 2-[1(RS)-(hydroxyphosphinyl)-6-phthalimidohexyl]-2-isobutyImalonate and 2.7 g of 
N-bromomethyl-1 ,8-naphthalimide were reacted with one another in an analogous manner to that 

55 described in Example 10(iv) to give 3.74 g of dibenzyl 2-t1(RS)-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e3- 
isoquinol-2-yl)methyl](hydroxy)phosphinyl]-6-phthalimidohexyl]-2-isobutylmalonate in the form of an off- 
white foam; MS: 843 (M + H)\ 

(iv) 1 .0 g of dibenzyl 2-[1 (RS)-[[(2,3-dihydro-1 ,3-dibxo-1 H-benz[d,e]isoquinol-2-yl)methyl3(hydroxy)- 



28 



EP 0 497 192 A2 



phosphinyl]-6-phthalimidohexyl]-2-isobutylmalonate was dissolved in 40 ml of dry chloroform and 4 ml of 
trimethylsilyl bromide were added. The mixture was heated at 60* for 1.5 hours under a nitrogen 
atomosphere, cooled and poured into 50 ml of water. The mixture was shaken and the chloroform layer 
was separated. The aqueous layer was extracted twice with dichloromethane and the combined organic 

5 phases were evaporated. The residue was purified by chromatography on silica gel using chloroform/ 
methanol/acetic acid/water (240:24:3:2) for the elution. After crystallization of the product from ethyl 
acetate there was obtained 0.57 g of a single diasteroisomer of benzyl hydrogen 2-[1 (RS)-[[(2,3-dihydro- 
1 ,3-dioxo-1-benz[d,e]isoquinol-2-yl)- methyl](hydroxy)phosphinyi]-6-phtha!imidohexyl]-2-isobutylmalonate 
in the form of off-white crystals; MS: 753 (M + H)* . 

w (v) 0.2 g of benzyl hydrogen 2-[1(RS)-[[(2,3-dihydro-t ,3-dioxo-1-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]-6-phthalimidohexyl]-2-isobutylmalonate was suspended in 2 ml of dry chloroform and 3 ml of 
trimethylsilyl bromide were added. The mixture was then treated with 2 drops of water and 2 drops of 
48% hydrogen bromide in acetic acid. The solution was left to stand at room temperature for 3 days and 
was then poured into 50 ml of water. The product was extracted three times with dichloromethane and 

15 the combined extracts were dried over anhydrous magnesium sulphate and evaporated. The residue was 
dissolved in a mixture of 16 ml of xylene and 4 ml of n-hexane containing 4 drops of water and was then 
heated at 145" for 4 hours. The solvents were removed by evaporation and the residue was purified by 
chromatography on silica gel using chloroform/methanol/acetic acid/water (240:24:3:2) for the elution. 
After crystallization from ethyl acetate there was obtained 0.09 g of 3-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz- 

20 [d^Jisoquinol^-ylJmethynthydroxyJphosphinylJ^-isobutyl-S-phthalimidooctanoic acid (96% dia- 
steroisomer 1) in the form of a white powder; MS: 641 (M + Na) . 

Example 19 



25 In a manner analogous to that described in the first paragraph of Example 18, from 0.15 g of 3-[[(2,3- 
dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-2-isobutyl-8-phthalimidooctanoic 
acid (diastereoisomer 2) and 0.12 g of L-2-(tert.butyl)glycine methylamide there was obtained 0.197 g of a 
1:1 mixture of diasteroisomers 2A and 2B of N 2 -[3(RS)-[[(2,3-dihydro-1 f 3-dioxo-1H-benz[d,e]isoquinol-2-yl)- 
methyl](hydroxy)phosphinyl]-2-isobutyl-8-phthalimidooctanoyl]-N 1 ,3-dimethyl-L-valinamide in the form of a 

30 pale yellow foam; MS: 745 (M + H) . 

The starling material was prepared as follows: 

(i) 0.5 g of benzyl hydrogen 2-[1(RSH[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]- 
(hydroxy)phosphiny!]-6-phthalimidohexy!]-2-isobutylmalonate [prepared as described in Example 18{iv)] 
was suspended in a mixture of 40 ml of xylene, 10 ml of dioxan and 0.25 ml of water and the suspension 

35 was heated at 145° for 4.5 hours under a nitrogen atmosphere. The solvents were removed by 
evaporation and the residue was purified by chromatography on silica gel using chloroform/ 
methanol/acetic acid/water (240:24:3:2) for the elution. After crystallization from ethyl acetate there was 
obtained 0.44 g of a single diasteroisomer of benzyl 3-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2- 
yl)methyl](hydroxy)phosphinyl]-2-isobutyl-8-phthalimidooctanoate in the form of an off-white solid of 

40 melting point 144-145*. 

(ii) 0.3 g of benzyl 3-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl3(hydroxy)phosphinyl3-2- 
isobutyl-8-phthalimidooctanoate was suspended in a mixture of 100 ml of methanol and 20 ml of 
dichloromethane containing 0.1 g of 10% palladium-on-carbon. The mixture was shaken in a hydrogen 
atmosphere for 20 hours, the catalyst was filtered off and the filtrate was evaporated. The residual gum 

45 was crystallized from ethyl acetate to give 0.2 g of 3-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)- 
methyl](hydroxy)phosphinyl]-2-isobutyl-8-phthalimidooctanoic acid (95% diasteroisomer 2) in the form of 
a white solid; MS: 641 (M + H) + . 

Example 20 

50 

A mixture of 0.1 g of diasteroisomer 1 and 0.1 g of diasteroisomer 2 of 3-[[(2,3-dihydro-1,3-dioxo-1H- 
benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-2-isobutyl-7-phthalimidoheptanoic acid and 0.049 g of 
L-2-(tert. butyl)- glycine methylamide in 10 ml of xylene was heated at 140* for 2 hours. The solvent was 
removed by evaporation and the residue was purified by chromatography on silica gel using chloroform/ 
55 methanol/acetic acid/water (240:24:3:2) for the elution. There was obtained 0.216 g of a mixture of 
diasteroisomers 1A, 1B, 2A and 2B of N 2 -[3{RS)-[[<2,3-dihydro-1 l 3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]- 
(hydroxy) phosphinyl]-2-isobutyl-7-phthalimidoheptanoyl]-N 1 t 3-dimethyl-L-valinamide in the form of a pale 
yellow foam. 
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In a manner analogous to that described in the preceding paragraph, from 0.278 g of diasteroisomer 2 
of 3-[[(2,3-dihydro-1 t 3-dioxo-1H-benz[d,e]isoquinol-2-yI)methyl}(hydroxy)phosphinyl]-2-isobutyl-7- 
phthalimidoheptanoic acid and 0.068 g of L-2-(tert.butyl)glycine methylamide there was obtained 0.242 g of 
a mixture of diasteroisomers 2A and 2B of N 2 -[3(RS)-[[(2,3-dihydro-1 ,3-dioxo-1H-benz[d,e]isoquinol-2-yl)- 
5 methyl](hydroxy)phosphinyl]-2-isobutyl-7-phthalimidoheptanoyl]-N 1 ,3-dimethyl-L-valinamide in the form of 
yellow foam. 

The starting materials were prepared as follows: 

In a manner analogous to that described in Example 18(i)-(v), from dibenzyl malonate and 5- 
phthalimidopentan-al there were obtained diasteroisomers 1 and 2 of 3-{[(2,3-dihydro-1 ,3-dioxo-1H-benz- 
10 [d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl[-2-isobuty!-7-phthalimidoheptanoic acid in the form of white 
solids. 

Example 21 



rs 0.17 g of a 1:1 mixture of diasteroisomers 2A and 2B of N 2 -[3(RS)-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]- 
isoquinol-2-yl)methyl](hydroxy)phosphinyl]-2-isobutyl-8-phthatimidooctanoyl]-N 1 ,3-dimethy!-L-valinamtde, 
prepared as described in the first paragraph of Example 19, was dissolved in 2 ml of ethanol containing 
0.08 g of hydrazine hydrate. The mixture was stirred at room temperature for 24 hours and then filtered. 
The filtrate was evaporated and the resulting foam was partitioned between distilled water and ethyl acetate. 

20 The aqueous phase was washed repeatedly with 15 ml portions of ethyl acetate and then evaporated to 
give 0.12 g of a mixture of diasteroisomers 2A and 2B of N 2 -[8-amino-3-[[(2,3-dihydro-1,3-dioxo-1H-benz- 
[d,e]isoquinol-2-yl)methyl]{hydroxy)phosphinyl]-2-isobutyloctanoyl3-N 1 ,3-dimethyl-L-valinamide in the form of 
a yellow foam; MS: 615 {M + H)\ 

25 Example 22 



In a manner analogous to that described in Example 21, from 0.245 g of a 1:1 mixture of dia- 
steroisomers 1A and 1B of N 2 -[3(RS)-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]-2-isobutyl-8-phthalimidooctanoyl]-N 1 ,3-dimethyl-L-valinamide there was obtained 0.18 g of a 
30 mixture of isomers 1A ad 1B of N 2 -[8-amino-3-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]- 
(hydroxy)phosphinyl-2-isobutyloctanoyl]-N 1 ,3-dimethyl-L-valinamide in the form of a yellow foam; MS: 615 
(M + H) + . 

Example 23 

35 

In a manner analogous to that described in the first paragraph of Example 10, from 0.414 g of 2(R or 
S)-[{R)-(benzyloxzyformamido)[[{2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]methyl]-4-methylvaleric acid [prepared as described in Example 10(i)-(v)J and 0.552 g of L-2- 
(tert.butyl)glycine a(S)-methylbenzylamide there was obtained 0.484 g of N 2 -[2(R or S)-[(R)- 
40 (benzyloxyformamido)[[(2,3-dihydro-1,3-dioxo-1H-benzEd,e]isoquinol-2-yl)methyl[(hydroxy)phosphinyl]- 

methyl3-4-methylvaleryl]-3-methyl-N 1 -(o(S)-methylbenzyl)-L-valinamide in the form of an off-white solid; MS: 
769 <M + H)\ 

The L-2-(tert.butyl)glycine a(S)-methylbenzylamide used as the starting material was prepared as 
follows: 

45 <i) A solution of 1.76 g of N-benzyloxycarbonyl-L-2-(tert.-butyl)glycine in 30 ml of dry dichloromethane 
was cooled to -5 " and 2.8 g of di(1 -benzotriazolyl)-carbonate and 0.54 ml of pyridine were added. The 
mixture was stirred at -5* for 2.5 hours and then 1.6 g of (S)-a-methylbenzylamine were added dropwise 
while maintaining the temperature at -5 to 0*. After stirring at room temperature overnight the solution 
was washed twice with saturated sodium hydrogen carbonate solution, twice with 1M hydrochloric acid 

so and finally with saturated sodium hydrogen carbonate solution. After removal of the solvent by evapora- 
tion the resulting solid was triturated with n-hexane to give 2.05 g of N^benzyloxycarbonylJ-S-methyl-N 1 - 
(a(S)-methylbenzy1)-L-valinamide in the form of a white solid of melting point 137-139*. 
(ii) 0.5 g of N 2 -(benzyloxycarbonyl)-3-methyl-N 1 (a(S)-methylbenzyl)-L-valinamide was treated in a man- 
ner analogous to that described in Example 1 1 to give 0.31 g of L-2-(tert.butyl)glycine a(S)-methy!ben- 

55 zylamide in the form of a colourless gum. 

Example 24 
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In a manner analogous to that described in Example 33, from 0.1 g of N 2 -[2(R or S)-[{R)- 
(benzyloxyformamido)[[(2,3-dihydro-1,3-dioxo^H-benz[d l e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]- 
methyl]-4-methylvaleryl]-3-methyl-N 1 -(a(S)-methylbenzyl)-L-valinamide there was obtained 0.045 g of N 2 -[(2- 
(R or S)-[(R)-(amino)[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl3- 
5 4-methylvaleryl]-3-methyl-N 1 -(a(S)-methylbenzyl-L-valinamide hydrobromide in the form of an off-white 
solid; MS: 635 (M + H)\ 

Example 25 



w In a manner analogous to that described in the first paragraph of Example 18, from 0.6 g of 
diasteroisomer 2 of racemic 2-[1-[[(2 ) 3-dthydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]{hydroxy)- 
phosphinyl]ethyl-4-methylvaleric acid and 0.45 g of L-2-(tert.butyl)glycine methylamide there was obtained 
0.9 g of a crude mixture of diasteroisomers 2(i) and 2{ii) of N 2 -[2-[1-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]- 
isoquinol-2-yl)- methyl3(hydroxy)phosphinyl]ethyl]-4-methy!valeryl]-N 1 ,3-dimethyl-L-valinamide in the form of 

75 an off-white foam. 

The mixture of diasteroisomers was chromatographed on silica gel using chloroform/methanoi/acetic 
acid/water (120:15:3:2) for the elution. The first product eluted was 0.12 g of isomer 2(i) in the form of an 
off-white foam; MS: 544 (M + H) + . 

The starting material was prepared as follows: 
20 (i) In a manner analogous to that described in Example 18(ii)-(iii), from diethyl ethylidenemalonate and 
crystalline hypophosphorus acid there was obtained diethyl 2-[1(RS)-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz- 
[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]ethyl]isobutylmalonate in the form of a white solid of 
melting point 172-174* . 

(ii) 1 g of diethyl 2-[ 1 (RS)-[[(2,3-dihydro- 1 ,3-dioxo-1 H-benz-[d,e]isoquinol-2-yl)methy IJ(hydroxy)- 
25 phosphinyl]ethylj-isobutylmalonate was dissolved in a mixture of 5 ml of concentrated sulphuric acid, 5 
ml of water and 10ml of acetic acid and the solution was heated at 110° for 20 hours. After cooling the 
solution was extracted five times with 10% methanol in dichloromethane. The combined extracts were 
washed with saturated sodium chloride solution and evaporated. The residue was triturated with 20 ml of 
ethyl acetate and the solid was filtered off. There was obtained 0.54 g of a mixture of diasteroisomers 1 
30 and 2 of 2-[1-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]ethyl]-4- 
methylvaleric acid in the form of a white solid. This mixture was separated by chromatography on silica 
gel using chloroform/methanol/acetic acid/water (120:15:3:2) for the elution. There were obtained 75 mg 
of diasteroisomer 1 racemic 2-[1-[[(2,3~dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]ethyl-4-methylvaleric acid in the form of a white solid of melting point 192-1 94 e and 225 mg 
35 of diasteroisomer 2 racemic 2-[1-[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]ethyl-4-methylvaleric acid in the form of a white solid of melting point 202-204* 

Example 26 



40 0.13 g of a mixture of the four diasteroisomers of N 2 -[7-acetoxy-3(RS)-[[(RS)-[[(2,3-dihydro-1 ,3-dioxo- 
1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-2(RS)-isobutylheptanoyl]-N 1 ,3-dimethyl-L-valinamide 
was added to 20 ml of methanol containing 0.06 g of 60% sodium hydride in mineral oil. The mixture was 
stirred at room temperature for 2.5 hours and the methanol was then removed by evaporation. The residue 
was dissolved in 30 ml of dichloromethane and the solution was washed twice with 1M hydrochloric acid 

45 and twice with saturated sodium chloride solution, dried over anhydrous magnesium sulphate and evap- 
orated. The residue was triturated with diethyl ether and the solid was filtered off to give 0.071 g of an off- 
white solid which was purified by chromatography on silica gel using chloroform/ metanol/acetic acid/water 
(120:15:3:2) for the elution. There was obtained 0.026 g of a mixture of four diasteroisomers of N 2 -[3(RS)-[[- 
(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-7-hydroxy-2(RS)- 

50 isobutylheptanoyl]-N\3-dimethyl-L-valinamide in the form of a white solid; MS: 602 (M + H) . 

Example 27 



In a manner analogous to that described in the first paragraph of Example 10, from 0.283 g of a mixture 
55 of the two diasteroisomers of 7-acetoxy-3-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]- 
(hydroxy)phosphinyl]-2-isobutylheptanoic acid and 0.16 g of of L-2-(tert.butyl)glycine methylamide there was 
obtained, after purification by chromatography on silica gel using chloroform/methanol/acetic acid/water 
(240:24:3:2) for the elution, 0.133 g of a mixture of four diasteroisomers of N 2 -[7-acetoxy-3(RS)-[[(2,3- 
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dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)ph^ 
dimethyl-L-valinamide in the form of an off-white solid; MS: 644 (M + H) . 
The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 18(i)-(iii), from 5-benzoyloxy-pentanal and 
5 dibenzyl malonate there was obtained dibenzyl 2-[5-benzyloxy-1-[[(2,3-dihydro-1 ,3-dioxo-1H-benz[d,e]- 

isoquinol-2-yl)methyl](hydroxy)phosphinyl]pentyl]-2-isobutylmalonate in the form of a gum; MS: 790 
(M + H)\ 

(ii) In a manner analogous to that described in Example 25(ii), from 0.625 g of dibenzyl 2-[5-benzyloxy-1- 
[[(2,3-dihydro-1,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]pentyl]-2-isobutylmalonate 

w there was obtained 0.33 g of a 1:1 mixture of 2 diasteroisomers of 7-acetoxy-3-[[(2,3-dihydro-1 ,3-dioxo- 
1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-2-isobutylheptanoic acid in the form of a gum; 
MS: 540 (M + Na)\ 

Example 28 

15 

A solution of 0.3 g of N 2 -[2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)- 
methyl]phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in a mixture of 10 ml of 
trifluoroacetic acid and 10 ml of dichloromethane was stirred at room temperature overnight. The solvents 
were removed by evaporation and the residue was triturated with a mixture of isopropanol and diethyl ether. 
20 The solid obtained was filtered off and dried to give 0.195 g of N 2 -[2(R or S)-[[[(2,3-dihydro-1,3-dioxo-1H- 
benz[d,e]isoquinol-2-yl)methyl](hydroxy)- phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in 
the form of a white solid; MS: 530 (M + H)\ 

The starting material was prepared as follows: 

<i) A mixture of 0.3 g of benzyl 2(R or S)-[(ethoxyphosphinyl)methyl]-4-methylvalerate and 0.13 g of 
25 diisopropylethylamine in 10 ml of dichloromethane was cooled in an ice-bath while stirring under a 
nitrogen atmosphere. 2 ml of 1,1,1 ,3,3, 3-hexamethyldisilazane and 1 ml of bis(trimethylsilyl)acetamide 
were added followed by 0.3 g of N-bromomethyM ,8-naphthaIimide. The cooling bath was removed and 
the mixture was stirred at room temperature for 18 hours, washed with 10% sulphuric acid and sodium 
chloride solution, dried over anhydrous magnesium sulphate and evaporated to give 0.6 g of a yellow 
30 gum which was purified by flash chromatography on silica gel using ethyl acetate n-hexane (3:1) for the 
elution. There was obtained 0.15 g of benzyl 2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1,3-dioxo-1 H-benz- 
[d,e]isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvalerate in the form of a white solid; MS: 522 
(M + H)\ 

(ii) 1 g of benzyl 2(R or S)-[[(RS)-(ethoxy)[(2 t 3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]- 
35 phosphinyl]methyl]-4-methylvalerate was suspended in a mixture of 10 ml of methanol and 10 ml of 

ethanol containing 60 mg of 10% palladium-on-carbon. The mixture was shaken in a hydrogen 
atmosphere for 24 hours, the solvent was removed by evaporation and the residue was triturated with 
diethyl ether. The solid was filtered off and dried to give 0.61 g of 2(R or S)-[[(RS)-(ethoxy)[(2,3-dihydro- 
1,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)- methyl3phosphinyl]methyl-4-methylvaleric acid in the 
40 form of a white solid; MS: 432 (M + H)* . 

(iii) 0.43 g of 2(R or SH[(RS)-(ethoxy)[(2,3-dihydro-1,3-dioxo-1H-benztd,e]isoquinoI-2-yl)methyl]- 
phosphinyl]methyl}-4-methylvateric acid was suspended in 10 ml of dichloromethane containing 0.095 g 
of pyridine. The mixture was cooled to 0' and 0.48 g of di-(1-benzotriazolyl)carbonate was added. After 
stirring at 0* for 1.75 hours a solution of 0.15 g of L-2-(tert.butyl)glycine in 10 ml of dichloromethane was 

45 added. The mixture was left to come to room temperature and was stirred for a further 24 hours. The 
solution was washed with saturated sodium hydrogen carbonate solution and 1 M hydrochloric acid and 
then evaporated. The residue was purified by flash chromatography on silica gel using a solution of 3% 
methanol in dichloromethane for the elution. There was obtained 0.319 g of N 2 -[2{R or S)-[[(RS)-ethoxy)[- 
(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinoI-2-yl)methyl]phosphinyl]methyl]-4-methylvaleryl3-N 1 ,3- 

so dimethyl-L-valinamide in the form of a white foam; MS: 558 (M + H) . 

Example 29 



In a manner analogous to that described in Example 28, from 0.436 g of 6-[[N-[2(R or S)-[[(RS)- 
55 (ethoxy)(2,3-dihydro-1,3-dioxo-1H-benz[d t e]isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvaleryl]-3- 

methyl-L-valyl]aminohexanoic acid there was obtained 0.42 g of 6-[[N-[2(R or SHt(2,3-dihydro-1,3-dioxo-1H- 
benz[d ( e]isoquinol-2yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valyl]aminohexanoic 
acid in the form of a white solid; MS: 630 (M + H)* . 
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The starting material was prepared as follows: 

(i) A solution of 9.04 g of N-tert.butoxycarbonyl-L-2-(tert.butyl)glycine in 200 ml of dichloromethane was 
cooled to 0° and 4.52 g of N-hydroxysuccinimide were added. After stirring for 10 minutes 8.07 g of 
dicyclohexylcarbodiimide were added and the mixture was stirred at room temperature for 20 hours. The 

5 solid was filtered off, the filtrate was evaporated and the residue was dissolved in 110 ml of dimethylfor- 
mamide. The solution was added dropwise while stirring to an ice-cold solution of 5.14 g of 6- 
aminocaproic acid and 4.52 g of tetramethylguanidine in a mixture of 42 ml of dimethylformamide and 17 
ml of water. The resulting mixture was left to come to room temperature and was stirred for a further 20 
hours. The solvents were removed by evaporation and the residue was partitioned between 10% 

w hydrochloric acid and ethyl acetate. The aqueous phase was extracted three times with ethyl acetate and 
the combined organic solutions were dried over anhydrous magnesium sulphate and evaporated to give 
6-[[N 2 -(tert.butyloxycarbonyl)-3-methyl-L-valyl]amino]hexanoic acid in the form of a white solid. 

(ii) 2.58 g of the foregoing acid were dissolved in 25 ml of dry tetrahydrofuran containing 0.57 g of 
benzyl alcohol. 1.08 g of dicyclohexylcarbodiimide and 0.064 g of N,N-dimethylaminopyridine were 

75 added and the mixture was stirred at room temperature for 20 hours. The mixture was filtered and the 
filtrate was evaporated. The residue was dissolved in 100 ml of ethyl acetate and the solution was 
washed with 10% hydrochloric acid, saturated sodium chloride solution, saturated sodium hydrogen 
carbonate solution and sodium chloride solution. After drying over anhydrous magnesium sulphate the 
solution was evaporated to give a colourless oil which was purified by flash chromatography on silica gel 

20 using ethyl acetate/n-hexane (2:3) for the elution. There were obtained 1.73 g of benzyl 6-[[N 2 - 
(tert.butyloxycarbonyl)-3-methyl-L-valyl]amino]hexanoate in the form of a colourless gum. 

(iii) 10 ml of dioxan saturated with hydrogen chloride were added to a solution of 1.05 g of benzyl 6-[[N 2 - 
(tert.butyloxycarbonyl)-3-methyl-L-valyl]amino]hexanoate in 5 ml of dichloromethane. The solution was 
stirred for 20 minutes and then evaporated. The residue was dissolved in 25 ml of 1M hydrochloric acid 

25 and the solution was washed with diethyl ether. The aqueous phase was then treated with solid sodium 
hydrogen carbonate until saturated and extracted three times with dichloromethane. The combined 
extracts were evaporated to give 0.565 g of an oil which was added to a mixture of 0.729 g of 2(R or S)- 
[[(RS)-(ethoxy)[2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]phosphinyl]methyl)-4- 
methylvaleric acid [prepared as described in Example 28(ii)], 0.134 g of pyridine and 0.716 g of di-(1- 

30 benzotriazolyl)-carbonate which has previously been stirred at 0" for 1 hour. The mixture was stirred at 
room temperature for 24 hours, diluted with dichloromethane and washed with saturated sodium 
hydrogen carbonate solution, IM hydrochloric acid and saturated sodium hydrogen carbonate solution. 
The dichloromethane phase was dried over anhydrous magnesium sulphate and evaporated to give a 
residue which was purified by flash chromatography on silica gel using ethyl acetate for the elution. 

35 There was obtained 0.65 g of benzyl 6-[[N-[2-(R or S)-[[(RS)-(ethoxy)(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]- 

isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valyl]aminohexanoate which was 

dissolved in 50 ml of ethanol containing 0.1 g of palladium-on-carbon. After shaking in a hydrogen 

atmosphere for 7 hours the catalyst was filtered off and the filtrate was evaporated to give 0.436 g of 6-[- 

[N-[2(R or S)-[[(RS)-<ethoxy)(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]phosphinyl]methyl]- 

+ 

40 4-methylvaleryl]-3-methyl-L-valyl]aminohexanoic acid in the form of a colourless foam; MS: 658 (M + H) . 
Example 30 



In a manner analogous to that described in Example 28, from 0.25 g of N-[2-(R or S)-[[(RS)-(ethoxy)- 
45 (2,3-dihydro- 1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-y lmethyl)phosphinyl]methyl]-4-methylvalery l]-3-methyl-N-(5- 
morpholinopentyl)-L-valinamide hydrochloride there was obtained 0.21 g of N-[2(R or S)-[[(2,3-dihydro-1,3- 
dioxo-1H-benz[d,e]isoquinol-2-ylmethyl)(hydroxy)phosphinyl]methyl]-4-methylvaleryl)-3-methyl-N-(5- 
morpholinopentyl)-L-valinamide hydrochloride in the form of a colourless solid; MS: 671 (M + H) . 
The starting material was prepared as follows: 
so (i) A solution of 5.81 g of 6-[tN 2 -(tert.butyloxycarbonyl)-3-methyl-L-valyl]amino]hexanoic acid in dry 
tetrahydrofuran was cooled to -30* and treated with 2.15 g of N-ethylmorpholine and then dropwise with 
a solution of 2.54 g of isobutyl chloroformate in 5 ml of tetrahydrofuran. The solution was stirred at -25 * 
for 0.25 hour and then 2.12 ml of a 33% aqueous ammonium hydroxide solution were added. The 
mixture was stirred for 3 hours and then evaporated. The product was extracted with dichloromethane 
55 and the extract was dried over anhydrous magnesium sulphate and evaporated to give 5.44 g of 6-[[N 2 - 
(tert.butyloxycarbonyl)-3-methyl-L-valyl]amino]hexanamide as a gum. This gum was dissolved in a 
mixture of acetonitrile and water, the solution was stirred and 10.25 g of bis(trifluoroacetoxy)iodobenzene 
were added. The mixture was stirred in the dark for 20 hours and then poured into 5% hydrochloric acid. 
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The solution was washed twice with diethyl ether which was back-extracted with 5% hydrochloric acid. 
The combined acidic fractions were treated with 14.18 g of solid sodium hydrogen carbonate, 2.96 g of 
benzyl chloroformate were added and the mixture was stirred at room temperature for 4 hours. The 
solution was extracted three times with dichloromethane and the extracts were washed with 50 ml of 1 M 
5 hydrochloric acid and water. After drying over anhydrous magnesium sulphate the solvent was removed 
and there were obtained 6.07 g of N 2 -(tert.butoxycarbonyl)-3-methyl-N 1 -[(5-benzyloxyformamido) pentyl]- 
L-valinamide in the form of a gum. 

(ii) In a manner analogous to that described in Example 29(iii), from 3.06 g of of N 2 -{tert.butoxycarbonyl)- 
3-methyl-N 1 -[(5-benzyloxyformamido)pentyl]-L-valinamide and 2.198 g of 2(R or S)-[[(RS)-(ethoxy)[{2,3- 

70 dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl3phosphinyl]methyl]-4-methylvaleric acid [prepared as 
described in Example 28(ii)] there were obtained 1.68 g of N-[2(R or S)-[[(RS)-(ethoxy)(2,3-dihydro-1,3- 
dioxo-1H-benz[d,e]isoquinol-2-ylmethyl)phosphinyl]methyl]-4-methylvaIeryl]-3-methyl-N-[(5- 
benzyloxyformamido)pentyl]-L-valinamide in the form of a colourless foam. 

(iii) 0.254 g of the foregoing foam was dissolved in 20ml of ethanol containing 0.35 g of 10% 
75 hydrochloric acid and 0.05 g of 10% palladium-on-carbon. The mixture was shaken in a hydrogen 

atmosphere for 6 hours, the catalyst was filtered off and the filtrate was evaporated to give N-[2(R or S)- 
[t(RS)-(ethoxy)(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yImethyl)phosphinyl]methyl3-4- 
methylvaleryl]-3-methyl-N-(5-aminopentyl)-L-valinamide. This was dissolved in a mixture of 2 ml of 
dichloromethane and 1.05 g of bis(2-iodoethyl)ether and 0.247 g of diisopropylethylamine was added. 

20 The solution was stirred in the dark for 3 days and then poured into 5% hydrochloric acid. The aqueous 
solution was washed with diethyl ether and then neutralized by the addition of solid sodium hydrogen 
carbonate. Sodium chloride was added until the solution was saturated and the mixture was extracted 
three times with dichloromethane. The extracts were evaporated to give a gum which was purified by 
flash chromatography on silica gel using 6% methanol in dichloromethane for the elution. After the 

25 addition of a few drops of 2M hydrochloric acid and evaporation of the solvent there was obtained 0.131 
g of N-[2-(R or S)-[[(RS)-{ethdxy)(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-ylmethyl)phosphinylJ- 
methyl]-4-methylvaleryl]-3-methyl-N-(5-morpholinopentyl)-L-valinamide hydrochloride in the form of a 
pale yellow foam; MS: 699 (M + H)\ 

30 Example 31 



In a manner analogous to that described in the first paragraph of Example 28, from 0.317 g of 5-[[N-[2- 
(R or S)-[[(RS)-(ethoxy)(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-ylmethyl)phosphinyl]methyl]-4- 
methylvaleryl]-3~methyl-L-valyl]amino]pentylamine hydrochloride there was obtained 0.298 g of 5-[[N-[2(R or 
35 S)-[[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-ylmethyl)(hydroxy)phosphinyl]methyl]-4-methylvalery!}-3- 
methyl-L-valyl]amino]pentylamine hydrochloride in the form of a white solid; MS: 601 (M + H) . 

Example 32 



40 In a manner analogous to that described in the first paragraph of Example 28, from 0.5 g of diethyl [[N- 
[2(R or S)-[[(RS)-(ethoxy)(2 J 3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]phosphinyl3methyl]-4- 
methylvaleryl]-3-methyl-L-valyl]aminomethyl]phosphonate there was obtained 0.318 g of diethyl [[N-[2(R or 
S)-[U[(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yI)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]- 
3-methyl-L-valyl]aminomethyl]phosphonate in the form of a white solid melting at above 120*0 

45 (decomposition); MS: 666 <M + H)\ 

The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 28(i)-(ti), from diethyl(aminomethyl)phosphonate 
hydrochloride and N-benzyIoxycarbonyl-L-2-(tert.butyl)glycine there was obtained diethyl [N-(3-methyl-L- 
valyl)aminomethyl]phosphonate in the form of a gum. 
so (ii) In a manner analogous to that described in Example 29(iii), from 1.1 g of diethyl [N-(3-methyl-L-valyl)- 
aminomethyl]phosphonate and 1.5 g of 2 (R or S)-[[(RS)-(ethoxy)[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]- 
isoquinol-2-yl)methyl]phosphinyl]methyl]-4-methylvaleric acid there were obtained 1.6 g of diethyl [[N-[2- 
(R or S)-[[(RS)-(ethoxy)(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]phosphinyl]methyl]-4- 
methylvaleryl3-3-methyl-L-valyl]aminomethyl]phosphonate in the form of a white solid; MS: 694 (M + H) . 

55 

Example 33 



0.5 g of diethyl [[N-[2(R or S)-[[(RS)-(ethoxy)(2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl]- 
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phosphinyl]methyl]-4-methylvaleryl]-3-rnethyl-L-valyl]aminomethyl]phosphonate was dissolved in 15 ml of a 
45% solution of hydrogen bromide in acetic acid. After 3 hours the mixture was evaporated and the residue 
was re-evaporated four times with toluene. The residue obtained was triturated with diethyl ether and the 
solid was filtered off to give 0.35 g of [[N-[2(R or S)M[[[(2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)- 
methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valyl]aminomethyl]phosphonic acid in the 
form of a white solid melting at above 150* (decomposition); MS: 610 (M + H) . 

Example 34 



in a manner analogous to that described in the first paragraph of Example 10, from 0.51 g of 2(R or S)- 
[(R)-[[(6-benzyloxy-1,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]- 
(benzyloxyformamido)methyl]-4-methylvaleric acid and 0.32 g of S-methyl-N'-p-morpholinopropylH- 
valinamide there was obtained, after the addition of hydrogen chloride, 0.416 g of N 2 [2(R or S)-[(R)-[[(6- 
benzyloxy-2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]{hydroxy)phosphinyl]- 
(benzyloxyformamido)methyl]-4-methylvaleryl]-3-methyl-N 1 -(3-morpholinopropyl)-L-valinamide hydrochloride 
in the form of a yellow solid; MS: 898 (M + H) + 

The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 23(i)-(ii), from N-benzyloxycarbonyl-L-2- 
(tert.butyl)glycine and 4-(3-aminopropyl)morpholine there was obtained 3-methyl-N 1 -(3-mor- 
pholinopropyl)-L-valinamide. 

(ii) In a manner analogous to that described in Example 14, from 4-benzyIoxy-N-bromomethyl-1,8- 
naphthalimide and 2 (R or S)-[(R)-(benzyloxyformamido)(hydroxyphosphinyl)methyl3-4-methylvaleric acid 
[prepared as described in Example 14{ii)] there was obtained 2 (R or S)-[(R)-[f(6-benzyloxy-2,3-dihydro- 
1,3dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]benzyloxyformamido)methyl]-4- 
methylvaleric acid in the form of a yellow solid; MS: 659 (M + H) . 

Example 35 



In a manner analogous to that described in Example 11, from 0.75 g of N 2 -[2-(R or S)-[(R)-[[(6- 
benzyloxy-2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e3isoquinol-2-yl)methyl](hydroxy)phosphinyl]- 
(benzyloxyformamido)methyl]-4-methylvaleryl]-3-methyl-N 1 -(3-morpholinopropyl)-L-valinamide hydrochloride 
there was obtained 0.596 g of N 2 -[2(R or S)-[(R)-{amino)[[(2,3-dihydrO"6-hydroxy-1,3-dioxo-1H-benz[d,e)- 
isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-3-methyl-N 1 (3-morpholinopropyl)-L- 
valinamide hydrochloride in the form of a yellow solid; MS: 674 (M + H) . 

Example 36 



In a manner analogous to that described in the first paragraph of Example 10, from 0.349 g of 2(R or 
S)-[t[(5-bromo-2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[de]isoquinol-2-yl)methyl](hydroxy)phosphinyl]- 
methyl]-4-methytvaleric acid and 0.18 g of 3-methyl-N 1 -(3-morpholinopropyl)-L-valinamide there was ob- 
tained, after the addition of hydrogen chloride, 0.532 g of N 2 -[2(R or S)-[[[(5-bromo-2,3-dihydro-6-hydroxy- 
1 ,3-dioxo-1 H-benz[de]isoqutnol-2-yl]methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-3-methyl-N 1 - 
morpholinopropyl)-L-valinamide hydrochloride in the form of a yellow solid; MS: 737 (M + H) . 

Example 37 



In a manner analogous to that described in the first paragraph of Example 10, from 0.051 g of 2(R or 
S)-[[[(6-benzyloxy-2,3-dihydro-1,3-dioxo-1H-benz[d,e3isoquinol-2-yl)methyl] (hydroxy)phosphinyl]methyl]-4- 
methylvaleric acid and 0.055 mg (2 equivalents) of 3-methyl-N 1 -(3-morpholinopropyl)-L-valinamide there was 
obtained, after the addition of hydrogen chloride, 0.081 g of N 2 -[2(R or S)-[[[(6-benzyloxy-2,3-dehydro-1,3- 
dioxo-1H-benz[de]isoqurnol-2-yl]methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl3-3-methyl-N 1 -(3- 
morpholinopropyl)-L-valinamide hydrochloride in the form of a pale yellow solid; MS 749 (M + H) . 

Example 38 



A suspension of 0.354 g of 2(R or S)-[[[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[de]isoquinol-2-yl)- 
methyl](hydroxy)phosphinyl]methyl]-4-methylvaleric acid and 0.217 g of 3-methyl-N 1 -(3-morpholinopropyl)- 
L-valinamide in a mixture 25 ml of toluene, 5 ml of 3-methyl-3-pentanol and 0.32 ml of N-ethylmorpholine 
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was heated under reflux for 24 hours. The solution was cooled, the solvent was removed by evaporation and 
the residue was purified by chromatography on silica gel using chloroform/methanol/acetic acid/water 
(60:18:2:3) for the elution. There was obtained, after the addition of hydrochloric acid, 0.301 g of N 2 -2(R or 
S)-[[[<2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]-methyl]-4- 
methylvaleryl]-3-methyl-N 1 -(3-morphotinylpropyl)-L-valinamide hydrochloride in the form of a yellow solid; 
MS: 659 (M + H)\ 

Example 39 



In a manner analogous to that described in Example 11, from 0.775 g of N 2 -2(R or S)-[[[{6-benzyloxy- 
2,3-dihydro-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)m 

methyl-N^morpholinopropyO-L-valinamide hydrochloride there was obtained 0.6 g of N 2 -2(R or S)-[[[(2,3- 
dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[de]isoquino^ 

3-methyl-N 1 -(3-morpholinopropyl)-L-valinamide hydrochloride in the form of a yellow solid; MS: 659 (M + H)- 
Example 40 



In a manner analogous to that described in Example 38, from 0.59 g of 2{R or S)-[[[(6-benzyloxy-2,3- 
dihydro-1 ,3-dioxo-1 H-benz[de]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylva!eric acid and 
0.38 g of 4-[(3-methyl-L-valy!)amino]butyric acid there was obtained 0.775 g of 4-[[N 2 -[2<R or S)-[[[(6- 
benzyloxy-2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4- 
methylvaleryl]-3-methyl L-va!yl]amino]butyric acid in the form of a pale yellow solid; MS: 708 (M + H)\ 

Example 41 



In a manner analogous to that described in Example 38, from 0.51 g of 2(R or S)-[[[(6-benzyloxy-2,3- 
dihydro-1 ,3-dioxo-1 H-benz[de]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl3-4-methylvaleric acid and 
0.38 g of benzyl [4-[(3-methyl-L-valyl)amino]propyl]carbamate there was obtained 0.616 g of benzyl [4-[[N 2 - 
[2(R or S)-[[[[(6-benzyloxy-2,3-dihydro-1 ,3-dioxo-1 H-benz[de]isoquinol-2-yl)methyl](hydroxy)phosphinyl]- 
methyl]-4-methylvaleryl]-3-methyl-L-valyl]amino]propyl]carbamate in the form of a pale yellow solid; MS: 
813 <M + H)\ 

Example 42 



In a manner analogous to that described in Example 11, from 0.8 g of 4-[[N 2 -[2(R or S)-[[[(6-benzyloxy- 
2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaIeryl]-3- 
methyl-L-vaIyl]amino]butyric acid there was obtained 0.57 g of 4-[[N 2 -[2(R or S)-[[[(6-hydroxy-2,3-dihydro- 
1,3-dioxo-1H-benz[de]isoquinol-2-yl)methyl](hydroxy)phosphinyl]methyl]-4-methylvaleryl]-3-methyl-L-valyI]- 
aminojbutyric acid in the form of a yellow solid; MS: 618 (M + H)*. 

Example 43 



In a manner analogous to that described in the first paragraph of Example 1 , from 0.223 g of N 2 -[2(R)-[- 
(benzyloxycarbamoyOmethylH-methylvalerylJ-S-methyl-N'^S-morpholinopropyl^L-valinamide there was ob- 
tained 0.12 g of N 2 -[2(R)-t(hydroxycarbamoyl)methyl]-4-methylvaleryl]-3-methyl-N 1 -(3-morpholinopropyl)-L- 
valinamide as a white solid; nmr (MeOD): 4.20 (s,1H); 3.70 (t,4H,J = 5.5); 3.23 (t,2H,J = 7.5; 2.95 (m,1H); 2.54 
(br.s,4H); 2.45 (t,2H,J = 9); 2.33 (dd,2H,J = 14.9); 2.18 (dd,2H,J = 14.7); 1.80-1.66 (m ( 2H); 1.63-1.42 (m,2H); 
1.25-1.13 <m,1H); 0.99 (s,9H); 0.92 (d,3H,J = 6); 0.87 (d,3H,J = 6) MS; 429 (M + H)\ 

The starting material was prepared as follows: 

In a manner analogous to that described in Example 1 (i)-(ii), from 1.109 g of 4-tert.butyl 2{R)-isobutyl 
succinate and 1.264 g of 3-methyl-N 1 -(3-morpholinopropyl-L-valinamide there were obtained 1.128 g of N 2 - 
[2(R)-[(benzyloxycarbamoyl)- methyl]-4-methylvaleryl]-3-methyl-N 1 -(3-morpholinopropyl)-L-valinamide in the 
form of a white foam; MS: 519 (M + H)\ 

Example 44 



6.3 g of N 2 -[2(R or S)-(carboxy)-4-phenylbutyl]-4-methytvaleryl]-N 1 ,3-dimethyl-L-valinamide, isomer 1, 
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prepared as described in Example 45 (i)-(iv), and 4.5 g of o-(tert.butyldimethylsilyl)hydroxylaminewere 
dissolved in 70 ml of dry dimethylformamide and the solution was cooled to 0* while stirring under a 
nitrogen atmosphere. 3.75 g of hydroxybenzotriazole, 3.0 ml of N-methylmorpholine and 4.13 g of 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride were added and the mixture was allowed to warm 

5 to room temperature and was stirred overnight. The solvent was removed by evaporation and the residue 
was treated with 200 ml of 5% aqueous sodium hydrogen carbonate solution. The product was extracted 
three times with ethyl acetate and the combined extracts were washed with 5% aqueous sodium hydrogen 
carbonate, 5% aqueous citric acid solution and saturated aqueous sodium chloride solution. After drying 
over anhydrous magnesium sulphate the solvent was removed by evaporation and the residue was triturated 

io with a mixture of ethyl acetate and diethyl ether. The solid was filtered off and dried to give 4.6 g of N 2 -[2- 
(R)-[1(R or S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of 
a white powder; nmr (MeOD): 8.14 (d.exch.1 H,J = 9); 7.95 (m, exch.lH); 7.18 (m.2H); 7.09 (m,3H); 4.20 
(d.1H,J = 9); 2.67 (d,3H,J = 5); 2.64 (m,1H); 2.58-2.47 (m,2H); 2.21-2.13 (m,1H); 1.65-1.45 <m,4H); 1.41-1.28 
(m,2H); 1.08-1.00 <m,1H); 0.94 (s,9H); 085 (d,3H,J = 6); 0.80 (d,3H,J=6); MS: 434 <M + H)\ 

75 

Example 45 



In a manner analogous to that described in the first paragraph of Example 1, from 0.19 g of N 2 -[2(R)-[1- 
<R or S)-(benzyloxycarbamoyl)-4-phenylbutyl]methylvaleryl]-N 1 ,3-methyl-L-valinamide there was obtained 
20 0.115 g of N 2 -[2(R)-[1-(hydroxycarbamoyl)-4-phenylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the 
form of a white solid; MS: 434 (M + H)\ 

The starting material was prepared as follows: 

(i) 0.048 g of 60% sodium hydride was added to a stirred solution of 0.45 g of 1,2-dibenzyl 1-tert-butyl 4- 
methyl-1,1,2(R)-pentanetricarboxylate in 10 ml of dry dimethylformamide under a nitrogen atmosphere. 

25 The mixture was stirred for 0.75 hour at 0* and for a further 2.5 hours at room temperature. The mixture 
was again cooled to 0° before the addition of 0.236 g of cinnamyl bromide. After allowing the mixture to 
return slowly to room temperature the solution was stirred at room temperature for 2 days. The mixture 
was poured into 5% aqueous citric acid solution and the product was extracted four times with diethyl 
ether. The combined ether extracts were washed with water and sodium chloride solution and dried over 

30 anhydrous magnesium sulphate. The solvent was removed by evaporation and the residue was purified 
by flash chromatography on silica gel using hexane/ether (9:1) for the elution. There was obtained 0.542 
g of 1,2-dibenzyl 1 -tert.-butyl 4-methyl-t-<3-phenylprop-2-en-1-yl)-1 ,1 ,2(R)-pentanetricarboxylate in the 
form of a colourless oil; MS: 571 (M + H) . 

(ii) 2.5 g of 1,2-dibenzyl 1-tert.butyl 4-methyl-t-(3-phenyl-prop-2-en-1-yl)-1 ,1 ,2(R)-pentanetricarboxylate 
35 were dissolved in 100 ml of methanol containing 0.55 g of 10% palladium-on-charcoal catalyst. The 

mixture was shaken in a hydrogen atmosphere until the uptake of hydrogen ceased. The catalyst was 
filtered off and the solvent was removed by evaporation to give 1.94 g of 1-tert.butyl 4-methyl 1-(3- 
phenylprop-1-yl)-1,1,2(R)-pentanetricarboxylate in the form of a colourless gum. This was dissolved in 
120 ml of toluene containing 0.6 g of N-methylmorpholine. The mixture was heated under reflux for 5.5 

40 hours, cooled, the solution was washed twice with citric acid solution and once with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulphate and evaporated. The residue was purified by 
flash chromatography on silica gel using hexane/ diethyl ether (10:1) for the elution. After initially eluting 
0.524 g of the anhydride corresponding to the starting diacid there was obtained 0.74 g of 4-tert.butyl 2- 
(R)-isobutyl 3-[(R or S)-(3-phenylprop-1-yl)]succinate, isomer 1, in the form of a colourless gum and 

45 0.126 g of a mixture of isomers 1 and 2 as a gum. 

(iii) In a manner analogous to that described in Example 1(i) from 0.741 g of 4-tert.butyl 2(R)-isobutyl 3-[- 
(R or S)-(3-phenylprop-1-yl)]succinate, isomer 1, and 0.32 g of (S)-tert.butylglycine methylamide there 
was obtained 0.93 g of N 2 -[2(R)-E1-(tert.butoxycarbonyl)-4-phenylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide in the form of a colourless foam. 

50 (iv) 0.93 g of N 2 -2(R)-[1(R or S)-(tert.butoxycarbonyl)-4-phenylbutyl]-4-methylvaleryl]-N\3-dimethyl-L- 
valinamide was dissolved in a mixture of 28 ml of dichloromethane and 4 ml of trifluoroacetic acid and 
the solution was stirred at room temperature for 6 hours. The solvent was removed by evaporation and 
the residue was re-evaporated with a mixture of methanol and ethyl acetate. After a further evaporation 
from ethyl acetate the residue was triturated with diethyl ether to give 0.7 g of N 2 -[2(R)-1(R or S)- 

55 (carboxy)-4-phenylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, isomer 1, in the form of a white 
solid; MS: 419 )M + H)\ 

(v) In a manner analogous to that described in Example 1(iii), from 0.228 g of N 2 -[2(R)-1(R or S)- 
(carboxy)-4-phenylbutyl]-4-methylvaleryl}-N 1 ,3-dimethyl-L-valinamide and 0.077 g of o-benzylhydrox- 
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ylamine there was obtained 0.192 g of N 2 -[2(R)-[1(R or S)-(benzyloxycarbamoyl)-4-phenylbutyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide in the form of a white foam; MS: 524 (M + H)*. 

Example 46 



In a manner analogous to that described in the first paragraph of Example 1, from 0.135 g of N 2 -[2(R)-[- 
(R or S)-(benzyl)(ben2yloxycarbamoyl)methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was ob- 
tained 0.097 g of N 2 -[2(R)-[1(R or S)-ben2yl)(hydroxycarbamoyl)methyl]-4-methylvaleryl]-N\3-dimethy-L- 
valinamide in the form of a white solid; nmr (MeOD): 7.28-7.07 (m,5H); 4.34 (s,1H); 2.89-2.63 (m,3H); 2.72 
(s,3H); 1.62-1.48 (m,1H); 1.47-1.34 (m,1H); 1.18-1.07 (m,1H); 1.04 (s t 9H); 0.91 (d,3H,J = 6); 0.84 (d,3H,J = 6); 
MS:406 (M + H)\ 

The starting material was prepared as follows: 

In an analogous manner to that described in Example 45(i-v), from 2.0 g of 1,2-dibenzyl 1-tert.butyl 4- 
methyl-1,1,2(R)-pentanetricarboxylate and 0.53 ml of benzyl bromide there was obtained 0.77 g of N 2 -[2(R)- 
E(R or S)-(benzyl)(benzyloxycarbamoyl)methyt]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a 
white solid; MS: 496 (M + H)\ 

Example 47 



In a manner analogous to that described in the first paragraph of Example 1, from 0.135 g of N 2 -[2(R)- 
[1 (R or S)-(benzyloxycarbamoyl)-4-(methoxycarbonyl)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 

valinamidethere was obtained 0.10 g of N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-4-(methoxycarbony!)butyl]- 
4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; nmr (MeOD): 4.25 (s,1H); 3.62 
(s,3H); 2.74-2.62 {m,4H); 2.28 (2H,t,J = 7) 2.21-2.11 <m,1H); 1.70-1.29 (m,6H); 1.12-1.04 (m,1H); 1.02 (s,9H); 
0.89 (d,3H,J = 6); 0.83 <d,3H,J = 6);MS: 416 (M + H) + . 

The starting material was prepared as follows: 

In a manner analogous to that described in Example 45(i)-(v), from 1.82 g of 1,2-dibenzyt 1-tert.butyl 4- 
methyl-1,1,2<R)-pentanetricarboxylate and 0.8 g of methyl 4-bromocrotonate there was obtained 0.37 g of 
N 2 -[2(R)-[1 {R or S)-(benzyloxycarbamoy t)-4-(methoxycarbony l)buty l]-4-methy Ivalery l]-N T ,3-dimethyl-L- 
valinamide in the form of a white solid; MS 506 (M + H) . 

Example 48 



In a manner analogous to that described in the first paragraph of Example 1, from 0.135 g of N 2 -[2(R)- 
[1(R or S)-(benzyloxycarbamoyl)-2-phthalimidoethyl]-4-methylvaleryl3-N 1 ,3-dtmethyl-L-valinamide there was 
obtained 0.07 g of N 2 -[2(R)-[1(R or SHhydroxycarbamoyl)-2-phthalimodoethytH-methylvaleryl]-N 1 ,3-dim 
ethyl-L-valinamide in the form of a white solid; nmr (MeOD); 7.88-7.75 (m,4H); 4.33 (s,1H); 4.08 
(dd,1H,J = 14,10); 3.57 (dd,1H,J = 14,4); 2.93-2.75 <m,2H); 2.74 (s,3H); 1.66-1.55 (m,1H); 1.52-1.37 (m,1H); 
1.18-1.09 (m,1H); 1.08 (s,9H); 0.93 (d,3H,J=6); 0.85 (d,3H,J=6); MS: 475 (M + H) + . 

The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 45(i)-(iv) from 1.82 g of 1,2-dibenzyl 1-tert.butyl 
4-methyl-1,1,2(R)-pentanetricarboxylate and 0.96 g of N-bromomethylphthalamide there were obtained 
0.73 g of N 2 -[2(R)-[1(R or S)-{carboxy)-2-phthalimidoethylH-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in 
the form of a white solid: MS: 460 (M + H)\ 

(ii) In a manner analogous to that described in Example 1 (iii), from 0.17 g of N 2 -[2(R)-[1(R or S)- 
(carboxy)-2-phthalimidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide and 0.061 of 0-benxylhydrox- 
ylamine there was obtained 0.161 g of N 2 -[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-phthalimidoethyl]-4- 
methylvaleryl]-N t ,3-dimethyl-L-valinamide in the form of a white solid; MS 565 (M + H)\ 

Example 49 



In a manner analogous to that described in Example 44, from 6.44 g of N 2 -[2(R)-[1(R or S)-(carboxy)-2- 
phthalimidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there were obtained 4.74 g of N 2 -[2(R)-[1(R or 
SJ-^ydroxycarbamoyl^-phthalimidoethylH-methylvaleryll-N^.S-dimethyl-L-valtnamide in the form of a 
white solid. 

Example 50 
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In a manner analogous to that described in the first paragraph of Example 1, from 0.115 g of a mixture 
of isomers of N 2 -[2(R)-[1-(ben2yloxycarbamoyl)butyl]-4-methylvaleryl]-N l ,3-dimethyl-L-valinamide there was 
obtained 0.06 g of N 2 -[2(R)-[1-(hydroxycarbamoyl)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the 
form of a white solid; MS: 358 (M + H)* . 

The starting material was prepared as follows: 

In a manner analogous to that described in Example 45(i)-(v), from 1,2-dibenzyl 1-tert. butyl 4-methyl- 
1 ,1 ,2(R)-penlanetricarboxylate and allyl bromide there was obtained N 2 -[2(R)-[t-(benzyloxycarbonyl)butyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide as a mixture of isomers. 

Example 51 



In a manner analogous to that described in the first paragraph of Example 1, from 0.198 g of N 2 -[2(R)- 
[1 (R or S)-(benzy loxycarbamoyl)-2-{2,6-dimethylphenyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide 
there was obtained 0.139 g of N 2 -[2(R)-1{R or S)-(hydroxycarbamoyl)-2-(2,6-dimethylphenyl)ethylJ-4- 
methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; nmr (MeOD): 6.92 (s,3H); 4.32 (s,1H), 
3.11 (dd,1H,J = l4,12);2.92-2.82 (mjH); 2.72 (s,3H); 2.64 (dd,1 H,J = 14,3); 2.52-2.43 (m,1H); 2.27 (s,6H); 
1.61-1.50 (m,1H); 1.48-1.33 (m,1H); 1.17-1.08 (m,1H); 1.07 (s,9H); 0.93 (d,3H,J = 6); 0.83 (d,3H,J = 6); MS: 
434 (M + H)\ 

The starting material was prepared as follows: 

In a manner analogous to that described in Example 45(i)-(v), from 1,2-dibenzyl 1-tertbutyl 4-methyl- 
1,1,2(R)-pentanetricarboxylate and 2,6-dimethylbenzyl bromide there was obtained N 2 -[2(R)-[1{R or S)- 
(benzyloxycarbamoyl)-2-(2,6-dimethylphenyt)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a white 
solid MS; 524 (M + H)\ 

Example 52 



In a manner analogous to that described in the first paragraph of Example 1, from 0.18 g of N 2 -[2(R)-[2- 
(4-ethylphenyl)-1(R or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was 
obtained 0.132 g of N 2 -[2(R)-[2-(4-ethylphenyl)-1(Ror S)-(hydroxycarbamoyl)- ethyl]-4-methylvaleryl]-N\3- 
dimethyl-L-valinamide in the form of a white solid; nmr (MeOD); 7.18-6.96 (m,4H); 4.33 (s,1H); 2.84-2.70 
(m,5H); 2.65-2.52 (m,3H); 2.44-2.35 <m,1H); 1.58-1.50 (m,1H); 1.46-1.35 (m,1H); 1.18 (t,3H,J=7); 1.17-1 .05 
(m,1H); 1.04 (s,9H); 0.90 (d,3H,J = 6); 0.84 (d,3H,J = 6); MS 434 (M + H)\ 

The starting material was prepared as follows: 

In an analogous manner to that described in Example 45(i)-(v) from 1,2-dibenzyl 1-tert. butyl 4-methyl- 
1,1,2(R)-pentanetricarboxylate and 4-ethylbenzyl bromide there was obtained N 2 -[2(R)-[2-(4-ethylphenyl)-1<R 
or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of white solid; MS: 
524 (M + H)\ 

Example 53 



In a manner analogous to that described in the first paragraph of Example 1, from 0.1 g of N 2 -[2(R)-1(R 
or S)-benzyloxycarbamoyl)-3-methylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-vaiinamide there was obtained 
0.057 g of N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-3-methylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide in the form of a white solid; nmr (MeOD); 4.35 (s,1H); 4.70 (s,3H); 4.68-4.57 (m,1H); 2.31-2.19 
(m.lH); 1.75-1.29 <m,4H); 1.14-0.95 <m,1lH); 0.91-0.78 (m.l2H); MS: 372 (M + H)\ 

The starting material was prepared as follows: 

In an analogous manner to that described in Example 45(i)-(v) from 1,2-dibenzyl 1-tert. butyl 4-methyl- 
1 ,1,2(R)-pentanetricarboxylate and methallyl bromide there was obtained N 2 -[2(R)-[1(R or S)- 
(benzyloxycarbamoyl)-3-methylbutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white sol- 
id; MS: 462 (M + H)\ 

Example 54 



In a manner analogous to that described in the first paragraph of Example 44 from 0.127 g of N 2 -[2(R)- 
[1(R or S)-(carboxy)-2-(1-naphthyl)ethyl]-4-methylvaleryl]-N 1 .3-dimethyl-L-valinamide there was obtained 
0.033 g of N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(1-naphthyl)ethyl]-4-methytvaleryl]-N 1 ,3-dimethyl-L- 
valinamide in the form of a white solid; nmr: (MeOD): 7.99 (m,1H); 7.83 (m,1H); 7.71 (d,1H,J = 7); 7.52-7.23 
(m,4H); 4.46 (s,1H); 3.16 (t,lH,J = 12); 3.00-2.88 (m,1H); 2.77 (s,3H); 2.75-2.62 (m,2H); 1.62-1.38 (m,2H); 
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1.21-1.10 <m,1H); 1.08 (s,9H); 0.95 (d,3H,J = 6); 0.85 (d,3H,J = 6); MS: 456 (M + H)\ 
The starting material was prepared as follows: 

In an analogous manner to that described in Example 45(i)-(iv), from 1,2-dibenzyl 1-tert.butyl 4-methyl- 
1 ,1 ,2(R)-pentanetricarboxylate and 1-(bromomethyt)naphthalene there was obtained N 2 -[2(R)-1(R or S)- 
5 (carboxy)-2-{1-naphthyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; MS: 
441 <M + H) + . 

Example 55 



10 In an analogous manner to that described in Example 45(i)-(v) > from 1,2-dibenzyl 1-tert.butyl 4-methyl- 
1 ,1,2(R)-pentanetricarboxylate and 2-(bromomethyl)naphthalene and using O-(tert.butyldiphenylsilyl)- 
hydroxylamine in part (v) there was obtained N 2 -[2(R)-[(R or S)-(tert.butyldiphenylsilyloxycarbamoyl)-2-(2- 
naphthyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide as a white solid; MS: 694 (M + H)\ 

0.102 g of N 2 -[2(R)-[2(R or S)-(tert.butyldiphenylsilyloxycarbamoyl)-2-(2-naphthyi)ethylH-methylvaleryl]- 

75 N\3-dimethyl-L-valinamide was dissolved in 3 ml of dry tetrahydrofuran and 0.15 ml of 1M tetrabutylam- 
monium fluoride in tetrahydrofuran was added. After stirring at room temperature for 1 hour the mixture was 
poured into 1M hydrochloric acid and the product was extracted several times with ethyl acetate. The 
extracts were combined and washed with 1M hydrochloric acid and saturated sodium chloride solution. After 
drying over anhydrous magnesium sulphate the solvent was removed by evaporation and the residue was 

20 triturated with diethyl ether. There was obtained 0.049 g of N 2 -[2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(2- 
naphthyl)ethy!3-4-methylvalery!]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; nmr (MeOD): 7.76 
(m,3H); 7.57 <s,1H); 7.42 (m,2H); 7.26 (dd,1 H,J = 7,2); 4.39 (s,1H); 3.01 (t,1H,J = 12); 2.92-2.79 (m,2H); 2.73 
(s,3H); 2.61-2.49 (m,1H); 1.65-1.52 (m,1H); 1.50-1.37 (m,1H); 1.19-1.09 (m,1H); 1.07 (s,9H); 0.92 <d,3H,J = 6); 
0.85 (d,3H,J = 6), MS: 456 (M + H)\ 

25 

Example 56 



In a manner analogous to that described in the first paragraph of Example 44, from 0.127 g of N 2 -[2(R)- 
[1-(R or S)-(carboxy)-(2,3-dihydro)-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)ethyl]-4-methylvaleryl]-N l ,3- 

30 dimethyl-L-valinamide there was obtained 0.055 g of N 2 -[2(RH2-(2,3-dihydro-1,3-dioxo-1H-benz[d,e]- 
isoquinol-2-yl)-1(R or S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of 
a white solid; nmr (MeOD): 7.99 (d,2H,J = 7.5); 8.28 (d,2H,J = 7.5); 7.75 <t,2H,J = 7.5); 4.72 (dd,1H,J = 14,10); 
4.42 (s,1H); 4.02 (dd.lH, J = 14,4); 3.03-2.93 (m,1H); 2.90-2.80 (m t 1H); 2.74 (s,3H); 1.70-1.57 (m,lH); 1.53- 
1.38 <m,1H); 1.23-1.14 (m,1H); 1.10 (s,9H); 0.94 (d,3H,J = 6); 0.85 (d,3H,J = 6); MS: 525 (M + H)\ 

35 The starting material was prepared as follows: 

In a manner analogous to that described in Example 45(t)-(iv) t from 1,2-dibenzyl 1-tert.butyl 4-methyl- 
1,1,2(R)-(carboxy)-(2 ( 3-dipentanetricarboxylate and N-(bromomethyl)- naphthalimide there was obtained N 2 - 
[2{R)-[1 (R or S)-(carboxy)-(2,3-dihydro-1 ,3-dioxo-1 H-benz[de]isoquinol-2-y l)ethyl]-4-methy Ivalery IJ-N 1 ,3- 
dimethyl-L-valinamide in the form of a white solid; MS: 570 (M + H)\ 

40 

Example 57 



In a manner analogous to that described in the first paragraph of Example 1, from 0.15 g of N 2 -[2(R)-[2- 
benzamido-1(R or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, there was ob- 
45 tained 0.112 g of N 2 -[2(R)-[2-benzamido-1{R or S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl- 
L-valinamide in the form of a white solid; nmr (MeOD): 7.77 (m,2H); 7.56-7.40 (m,3H); 4.28 (s,1H); 3.60-3.46 
<m,2H); 2.86-2.76 <m,1H); 2.72 (s,3H); 2.70-2.58 <m,1H); 1.66-1.55 (m,1H); 1.50-1.36 (m,1H); 1.20-1.08 
<m,1H); 1.04 (s,9H); 0.92 (d,3H), J = 6.5); 0.85, J = 6.5): MS: 449 (M+H)\ 
The starting material was prepared as follows: 
50 (i) A solution of 0.226 g of N 2 -[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-phthalimidoethyl]-4-methylvaleryl]- 
N^-dimethyl-L-valinamide in 5 ml of methanol was treated with 8 ml of a 0.33M solution of hydrazine 
hydrate in methanol. The mixture was stirred at room temperature overnight and the solvent was 
removed by evaporation. The residue was stirred with 4 ml of chloroform/methanol/acetic acid/water 
(120:15:3:2) and the undissolved solids were filtered off. The filtrate was purified by chromatography on 
55 silica gel using chloroform/methanol/acetic acid/water (120:15:3:2) for the elution. The fractions containing 
the product were evaporated and re-evaporated several times in the presence of toluene in order to 
remove water and acetic acid. There was obtained 0.203 g of N 2 -[2(R)-[2-amtno-1(R or S)- 
(benzyloxycarbamoyl)- ethyl3-4-methylvaleryl3-N 1 ,3-dtmethyl-L-valinamide in the form of a white solid; 
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nmr (MeOD); 7.50-7.33 (m,5H); 4.93 (m,2H); 4.23 (s,1H); 3.03 (dd. 1H, J = 14,9); 2.83-2.70 (m,2H); 2.68 
(s,3H); 2.44-2.32 (m.1H); 1.58-1.47 (m,lH); 1.45-1.29 (m,1H); 1.10-1.02 <m,lH); 0.99 (s,9H); 0.88 
(d,3H,J = 7); 0.84 (d,3H,J = 6). 

(ii) 0.2 g of N 2 -[2(R)-[2-amino-1 (R or S)-(benzyloxycarbamoy!)ethy!]-4-methylvalery!]-N 1 ,3-dirnethyl-L- 
5 valinamide was dissolved in 5 ml of dry dimethylformamide containing 0.05 g of N-melhylmorpholine. 
The solution was cooled to 0' and 0.077 g of benzoyl chloride was added. After stirring at room 
temperature for 20 hours the mixture was poured into 5% aqueous sodium hydrogen carbonate solution 
and the product was extracted with ethyl acetate. The extract was washed with 5% aqueous citric acid 
solution and saturated sodium chloride solution, dried over anhydrous magnesium sulphate and evap- 
w orated. The residue was purified by flash chromatography on silica gel using ethyl acetate for the elution. 
There was obtained 0.145 g of N 2 -[2(R)-[2-benzamido-1(R or S)-(benzyloxycarbamoyl)ethyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide in the form of a white solid; nmr (MeOD): 7.80 (m,2H); 7.59- 
7.42 (m,3H); 7.33-7.19 (m,5H); 4.86 (d,1H,J = 12); 4.70 (d.1H,J = 12); 4.28 (s,1H); 3.61-3.46 (m,2H); 2.88- 
2.77 (m,1H); 2.71 <s,3H); 2.65-2.55 (m.lH); 1.60-1.48 (m,lH); 1.46-1.31 (m.lH); 1.11-096 (m,l0H); 0.90 
75 (d,3H,J = 6); 0.83 (d,3H,J = 6). 

Example 58 



In a manner analogous to that described in Example 57{i), after treatment of the product with hydrogen 
20 chloride to form the hydrochloride, from 0.1 g of N 2 -[2{R)-[1(R or S)-(hydroxycarbamoyl)-2- 
phthalimidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there were obtained 0.08 g of N 2 -[2(R)-(2- 
amino-1(R or S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide hydrochloride in the 
form of a white solid; nmr (MeOD): 4.24 (s,1H); 3.23 <dd,1H,J = 12.5,10); 2.92 (dd, 1H, J = 12.5,3); 2.84-2.76 
(m,lH); 2.69 (s,3H); 2.61-2.53 (m.lH); 1.66-1.55 (m,1H); 1.20-1.12 (m,1H); 1.01 (s,9H); 0.89 (d,3H,J = 6); 0.85 
25 (d,3H,J = 6); MS: 345 (M + H)\ 

Example 59 



In a manner analogous to that described in the first paragraph of Example 1, form 0.105 g of N 2 -[2(R)- 
30 [2-acetamido-1(R or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was 
obtained 0.08 g of N 2 -[2(R)-[2-acetamido-1(R or S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl- 
L-valinamide in the form of a white solid; nmr MeOD); 4.16 (s,1H); 3.29 (dd,1H,J = 14,3.5); 3.14 
(dd,1H,J=14,9); 2.66-2.57 (m,4H); 2.42-2.33 (m,1H); 1.80 (s,3H); 1.51-1.43 (m,1H); 1.36-1.25 (m,1H); 1.04- 
0.95 (mjH); 0.93 (s,9H); 0.80 (d,3H,J = 6); 0.74 (d,3H,J = 6; MS: 387 )M + H)\ 
35 The starting material was prepared as follows: 

In a manner analogous to that described in Example 57(ii), from N 2 -[2(R)-[2-amino-1(R or S)- 
(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide and acetic anhydride there was ob- 
tained N 2 -[2(R)-[2-acetamido-1 (R or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide in the form of a white solid; MS: 477 (M + H) . 

40 

Example 60 



In a manner analogous to that described in the first paragraph of Example 1, from 0.18 g of N 2 -[2(R)-[1- 
(R or S)-(benzyloxycarbamoyl)-2-(morpholino)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-vaiinamide there was 

45 obtained 0.11 g of N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(morpholino)ethyl]-4-methylvaleryl]-N 1 ,3-dimeth 
yl-L-valinamide in the form of a white solid; nmr (MeOD): 4.23 (s,1H); 3.60 (m,4H); 2.74 (t,1HJ = 12); 2.68 
(s,3H); 2.63 (dt,1H,J = 10,4); 2.53-2.42 (m,3H); 2.27-2.20 (m,2H); 2,14 (dd,1 H,J = 14,3.5); 1.55-1.45 (m,lH); 
1.42-1.30 (m,1H); 1.14-1.05 (m,1H); 1.01 (s,9H); 0.86 (d,3H,J = 6); 0.82 (d,3H,J = 6); MS: 415 <M + H)\ 
The starting material was prepared as follows: 

50 A mixture of 0.27 g of N 2 -[2(R)-[2-amino-1(R or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N\3- 
dimethyl-L-valinamide, 0.25 g of N,N-diisopropylethylamine, and 0.5 ml of bis(2-iodoethyl)ether in 4 ml of 
dimethylformamide was left to stand at room temperature for 3 days in the dark. The mixture was poured 
into water and was extracted with ethyl acetate. The ethyl acetate extract was washed in succession with 
water, aqueous sodium thiosulphate solution, water and saturated sodium chloride solution. The solution was 

55 dried over anhydrous magnesium sulphate and evaporated. After trituration with diethyl ether there was 
obtained 0.18 g of N 2 -[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(morpholino)ethyl]-4-methylvaleryl]-N 1 ,3- 
dimethyl-L-valinamide in the form of a white solid; MS: 505 (M + H) . 
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Example 61 



0.04 g of lithium hydroxide monohydrate was added to a solution of 0.141 g of N 2 -[2(R)-[1(R or S)- 
(hydroxycarbamoyl)-2-phthalimidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-vaiinamide in a mixture of 4 ml of 

5 methanol and 8 ml of water. After 15 minutes the mixture was poured into 1M hydrochloric acid and the 
solution was extracted repeatedly with ethyl acetate containing 5% methanol. The combined extracts were 
washed with water and then evaporated. After trituration of the residue with diethyl ether there was obtained 
0.121 g of N 2 -[2(R)-[2-carboxybenzamido)-1(R or S)-(hydroxycarbamoyI)ethyl]-4-methylvaleryl]-N\3- 
dimethyl-L-valinamrde in the form of a white solid; nmr (MeOD): 7.98 (dd,1 H,J = 7.5,2); 7.59 (dt,1 H,J = 7.5,2); 

w 7.52 (dt,1H,J = 7.5,2); 7.44 (dd,1H,J = 7.5,2); 4.28 (s,1H); 3.55 (dd,1 H,J = 14,6.5); 3.45 <dd,lH,J = 14,4); 2.95- 
2.87 (m,1H); 2.71 <s,3H); 2.70-2.62 (m,1H); 1.63-1.54 (m,1H); 1.44-1.34 (m,1H); 1.15-1.06 (m,1H); 1.03 
(s,9H); 0.88 (dd,1H,J = 6); 0.84 (dd,1H,J = 6); MS: 493 (M + H)\ 

Example 62 



In a manner analogous to that described in the first paragraph of Example 1, from 0.11 g of N 2 -[2(R)-[1- 
(R or S)-(ben2yloxycarbamoyl)-2-(3-carboxypropionamido)ethytH-methylvaIeryl]-N 1 .3-dimethyl-L-valinamide 
there was obtained 0.075 g of N 2 -[2(R)-[2-{3-carboxypropionamido)-1(R or S)-(hydroxycarbamoyl)ethyl]-4- 
methyIvaleryl]-N\3-dimethyl-L-valinamide in the form of a white solid; nmr (MeOD): 4.23 (s,1H); 3.39-3.21 
20 (m,2H); 2.77-2.69 (m,1H); 2.68 (s,3H); 2.55 (t,2H,J = 7); 2.49-2.37 (m,3H); 1.58-1.49 (m,1H); 1.42-1.321 
(m,1H); 1.12-1.03 (m,1H); 0.99 (s,9H); 0.86 (d,3H,J = 6); 0.81 (d,3H,J = 6); MS 445 (M + H)\ 

The starting material was prepared as follows: 

In a manner analogous to that deescribed in Example 57(ii), from N 2 -[2(R)-[2-amino-1(R or S)- 
(benzyloxycarbonyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide and succinic anhydride there was ob- 
25 tained N 2 -[2(R)-[1-(R or S)-(benzyloxycarbonyl)-2-(3-carboxypropionamido)ethyl]-4-methylvaleryl]-N 1 ,3- 
dimethyl-L-valinamide in the form of a white solid; MS: 535 (M + H) . 

Example 63 



30 In a manner analogous to that described in the first paragraph of Example 1, from 0.15 g of N 2 [2(R)-[1{R 
or S)-(benzyloxycarbamoyl)-2-succinimidoethyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide there was ob- 
tained 0.11 g of N 2 -[2(R)-[1-(R or S)-(hydroxycarbamoyl)-2-succinimidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl- 
L-valinamide in the form of a white solid: nmr (MeOD): 3.88 (dd,1H,J = 14,10); 3.37 (dd,1H,J = 14,4); 2.80 
(dt,lH,J = 14,3.5); 2.72 (s,3H); 2.65 (m,5H); 1.60-1.51 (m,1H); 1.46-1.35 (m/lH), 1.14-1.05 (m,1H); 1.03 

35 (s,9H); 0.88 (d,3H,J = 6); 0.82 (d,3H,J = 6); MS: 427 (M + H) + . 
The starting material was prepared as follows: 

A solution of 0.318 g of N 2 -[2(R)-[1(R or S)-(benzyloxycarbonyl)-2-(3-carboxypropionamido)ethylH- 
methylvaleryI]-N\3-dimethyl-L-valinamide in 6 ml of dry dimethylformamide was treated in succession with 
0.09 g of hydroxybenzotriazole, 0.09 g of N-methylmorpholine and 0.144 g of 1-(3-dimethylaminopropyl)-3- 

40 ethylcarbodiimide. The mixture was stirred at room temperature for 20 hours then poured into 5% aqueous 
sodium hydrogen carbonate solution. The product was extracted with ethyl acetate and the extract was 
washed with 5% citric acid solution and with saturated sodium chloride solution. After drying over 
anhydrous magnesium sulphate the solvent was removed by evaporation and the residue was purified by 
flash chromatography on silica gel using 5% methanol in dichloromethane for the elution. There was 

45 obtained 0.16 g of N 2 -[2(R)-[1 (R or S)-(benzyloxycarbamoyl)-2-succinimidoethyl]-4-methylvaleryl3-N 1 ,3- 
dimethyl-L-valinamide in the form of a white solid; MS: 517 (M + H) + . 

Example 64 



so In a manner analogous to that described in the first paragraph of Example 1, from 0.12 g of N 2 -[2(R)-[1- 
(R or S)-(benzyloxycarbamoyl)-4-(carboxy)butylH-m^thylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was ob- 
tained 0.088 g of N 2 -[2(RH4-carboxy-1(R or SJ-fhydroxycarbamoyObutyll^methylvalerylj-NVS-dimethyl-L- 
valinamide in the form of a white solid; nmr (MeOD): 4.14 <s,1H); 2.63-2.54 (m,4H); 2.12 (t,2H, J = 7); 2.10- 
2.02 (m,1H); 1.58-1.22 (m,6H); 1.02-0.93 (m,1H); 0.91 (s,9H); 0.78 (d,3H,J = 6); 0.73 (d,3H, J = 6); MS: 402 

55 (M + H)\ 

The starting material was prepared as follows: 

A mixture of 0.09 g of N 2 -[2(R)-[1(R or S)-(benzyloxycarbamoyl)-4-(methoxycarbonyl)butyl]-4- 
methylvaleryl]-N\3-dimethyl-L-valinamide, 0.012 g of lithium hydroxide monohydrate, 0.55 ml of 
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tetrahydrofuran and 0.36 ml of water was stirred at room temperature for 3 days. The tetrahydrofuran was 
removed by evaporation and the residue was diluted with ethyl acetate and washed with two portions of 
0.5M hydrochloric acid and then with saturated sodium chloride solution. After drying over anhydrous 
magnesium sulphate the solvent was removed by evaporation and there was obtained 0.078 g of N 2 -[2(R)- 
5 [1(R or S)-(benzyloxycarbamoyl)-4-(carboxy)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form 
of a white solid; MS 492 (M + H) + . 

Example 65 



w In a manner analogous to that described in the first paragraph of Example 1, from 0.094 g of a mixture 
of isomers of 0.094 g N 2 -[2(R)-[1-{benzyloxycarbamoyl)-4-(1-pyrrolidinyl)- butyl]-4-methylvaleryl]-N\3- 
dimethyl-L-valinamide there was obtained 0.066 g of N 2 -[2(R)-[1 -(hydroxycarbamoyl)-4-(1-pyrrolidinyl)butyl]- 
4-methylvaleryl]-N\3-dimethyl-L-valinamide as an off-white solid, as a mixture of diastereoisomers; MS 441 
(M + H)\ 

75 The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 45(i), from 5.0 g of 1,2-dibenzyl 1-tert. butyl 4- 
methyl-1,1,2(R)-pentanetricarboxylate and 3.3 g of propargyl bromide there were obtained 5.58 g of 1,2- 
dibenzyl 1-tert. butyl 4-methyl-1-(prop-2-yn-1-yl)-1 ,1 ,2{R)-pentanetricarboxylate in the form of a colourless 
oil; MS 493 (M + H)\ 

20 (ii) A mixture of 0.501 g of 1,2-dibenzyl 1-tert. butyl 4-methyl-1-(prop-2-yn-1-yl)-1 ,1 ,2(R)-pentanetricarbox- 
ylate, 0.17 ml of pyrrolidine, 0.083 g of paraformaldehyde, 0.39 ml of glacial acetic acid and 0.004 g of 
cuprous chloride in 7 ml of dioxan was stirred at room temperature under a nitrogen atmosphere for 15 
minutes and then heated to reflux for 2 hours. The mixture was then stirred at room temperature for a 
further 2 hours and evaporated, and the residue was partitioned between water and dichloromethane. 

25 The pH of the aqueous phase was adjusted to 10 by the addition of ammonium hydroxide and the 
dichloromethane layer was separated. The aqueous phase was extracted with three portions of dich- 
loromethane and the combined extracts were washed with water, dried over anhydrous magnesium 
sulphate and evaporated to give a brown oil which was purified by flash chromatography on silica gel 
using ethyl acetate/hexane (4:1) for the elution. There was obtained 0.489 g of 1,2-dibenzyl 1-tert. butyl 4- 

30 methyl-1-(4-pyrrolidinylbut-2-yn-1-yl)-1,1,2(R)-pentanetricarboxylate in the form of a colourless oil; MS 
576 <M + H)\ 

(iii) In a manner analogous to that described in Example 45(ii)-(v), from 1,2-dibenzyl 1-tert. butyl 4-methyl- 
1-(4-pyrrolidinylbut-2-yn-1-yl)-1 ,1 ,2(R)-pentanetricarboxylate there was obtained N 2 -[2(R)-[1- 
(benzyloxycarbamoyl)-4-(1-pyrrolidinyl)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a 
35 white solid, as a mixture of diastereoisomers; MS: 531 (M + H) . 

Example 66 



In a manner analogous to that described in the first paragraph of Example 44, from 0.14 g of N 2 -[2-(R)- 
40 [1(R or S)-(carboxy)-6-phenylhexyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was obtained 0.046 g 
of N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-6-phenylhexyl]-4-methylvaleryl]-N 1 > 3-dimethyl-L-valtnamide in the 
form of a white solid; nmr (MeOD); 7.24 (m,2H); 7.13 (m,3H); 4.25 (s,1H); 2.69 (s,3H); 2.3 (m,1H); 2.55 
(t,2H,1=7); 2.17-2.09 (m,1H); 1.64-1.45 (m,4H); 1.42-1.13 (m,6H); 1.10-1.02 (m,1H); 0.98 (s,9H); 0.88 
(d,3H,J = 6); 0.83 (d,J = 6); MS 462 (M + H)\ 
45 The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 45(i), from 7.28 g of 1,2-dibenzyl 1-tert.butyl 4- 
methyl-l,1,2(R)-pentanetricarboxylate and 3.88 g of ally! bromide there were obtained 7.234 g of 1,2- 
dibenzyl 1-tert.butyl 4-methyl-1-<prop-2-en-1-yl)-1 ,1 ,2{R)-pentanetricarboxylate in the form of a colourless 
oil; MS: 495 (M + H)\ 

50 (ii) A mixture of 1.23 g of 1,2-dibenzyl 1-tert.butyl 4-methyl-1-(prop-2-en-1-yl)-1,1,2(R)-pentanetricarbox- 
ylate, 3 ml of a 1% aqueous solution of osmium tetroxide, 2.44 g of sodium periodate, 15 ml of diethyl 
ether and 15 ml of water was stirred at room temperature for 1 hour. A further 3.25 g of sodium 
periodate were added and the mixture was stirred at room temperature for 24 hours. The ether layer was 
separated and the aqueous layer was extracted with diethyl ether. The combined ether layers were 

55 washed repeatedly with 5% aqueous ascorbic acid solution and saturated sodium chloride solution. After 
drying over magnesium sulphate the solution was evaporated and the residue was purified by flash 
chromatography on silica gel using hexane/diethyl ether (8:1) for the elution. There was obtained 0.955 g 
of 1,2-dibenzyl 1-tert.butyl 1-(formylmethyl)-4-methyl-1 ,1 ,2(R)-pentanetricarboxylate in the form of a 
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colourless oil; MS: 497 (M + H) . 

(iii) A mixture of 0.496 g of 1 ,2-dibenzyl 1-tert. butyl 1-(formylmethyl)-4-methy!-1,1,2(R)-pentane tricarbox- 
ylate, 0.176 g of potassium carbonate and 0.576 g of 3-phenylpropyltriphenylphosphonium bromide in 8 
ml of dry tetrahydrofuran was heated at reflux under a nitrogen atmosphere for 3 days. The solvent was 

5 removed by evaporation and stirred with diethyl ether. The solids which separated were filtered off and 
the filtrate was evaporated. The residue was purified by flash chromatography on silica gel using 
hexane/ethyl acetate (6:1) for the elution. There was obtained 0.397 g of 1,2-dibenzyl 1-tert. butyl 4- 
methyl-1-(5-phenylpent-2-en-1-yl)-1,1,2(R)-pentanetricarboxylate in the form of a colourless oil. 

(iv) In a manner analogous to that described in Example 45(ii)-(iv), from 1,2-dibenzyl 1-tert. butyl 4- 
w methyl-1-(5-phenylpent-2-en-1-yl)-1,1,2(R)-pentanetrtcarboxylate there was obtained N 2 -[2(R)-[t(R or S)- 

(carboxy)-6-phenylhexyl]-4-methylvaleryl3-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; MS: 
447 (M + H)\ 

Example 67 



In a manner analogous to that described in the first paragraph of Example 44, from 0.15 g of N 2 -[2(R)- 
[4-acetoxy-1(R or S)-(carboxy)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was obtained 0.043 g 
of N 2 -[2(R)-[4-acetoxy-1(R or S) (hydroxycarbamoyl)butyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide in the 
form of a white solid; nmr (MeOD): 4.22 (s,1H); 4.02-3.68 (m,2H); 2.68-2.60 (m,4H); 2.2 (dt,1H, 1 =11,3.5); 
20 1.93 (s,3H); 1.65-1.37 (m,5H), 1.36-1.26 (m,1H); 1.06-0.98 (m,1H); 0.96 (s,9H); 0.84 (d,3H,J = 7); 0.77 
(d,3H,J=7); MS: 416 (M + H)\ 

The starting material was prepared as follows: 

<i) A solution of 2.47 g of 1,2-dibenzyl 1-tert.butyI 4-methyl-1-(prop-2-en-1-yl)-1,1 ,2(R)-pentanetricarbox- 
ylate in 5 ml of dry diethyl ether was cooled to 0* and 0.325 ml of monochloroboranemethyl sulphide 

25 complex was added. The mixture was stirred at room temperature for 2 hours, then cooled to 0 * and 0.5 
ml of water, 2.3 ml of 1 .5M aqueous sodium hydroxide solution and 2.3 ml of 30% aqueous hydrogen 
peroxide were added. The mixture was stirred at room temperature for 3 hours and then acidified with 
5% aqueous citric acid solution. The product was extracted with diethyl ether and the extract was 
washed with saturated sodium chloride solution, dried over anhydrous magnesium sulphate and evap- 

30 orated. The residue was purified by flash chromatography on silica gei using hexane/ethyl acetate (5:1) 
for the elution. There were obtained 1.098 g of 1,2-dibenzyl 1-tert.butyl 1-(3-hydroxypropyl)-4-methyl- 
1 ,1 ,2{R)-pentanetricarboxylate in the form of a colourless oil; MS: 513 (M + H) . 

(iii) A solution of 1.069 g of 1,2-dibenzyl 1-tert.butyl 1-(3-hydroxypropyl)-4-methyl-1 ,1 ,2(R)-pentanetricar- 
boxylate in 10 ml of pyridine at 0° was treated with 0.643 g of acetic anhydride. The mixture was stirred 
35 at room temperature for 20 hours and evaporated. The residue was dissolved in ethyl acetate and the 
solution was washed with 1 M hydrochloric acid and with saturated aqueous sodium hydroxide and dried 
over anhydrous magnesium sulphate. The solvent was removed by evaporation and there were obtained 
1.155 g of 1,2-dibenzyl 1-tert.butyl 1-(3-acetoxypropyl)-4-methyl-1,1 ,2(R)-pentanetricarboxylate in the 
form of an oil. 

40 (iv) In a manner analogous to that described in Example 45 (ii)-(iv), from 1,2-dibenzyl 1-tert.butyl 1- 
(acetoxypropyl)-4-methyl-1,1,2(R)-pentanetricarboxylate there was obtained N 2 -[2(R)-[4-acetoxy-1<R or 
SJ-^arboxyJbutyn^-methylvalerylJ-N^.S-dimethyl-L-valinamide in the form of a white solid; MS: 401 
(M + H)\ 

45 Example 68 



In a manner analogous to that described in the first paragraph of Example 1 , from 0.058 g of N 2 -[2(R)- 
[1-(R or S)-(benzyloxycarbamoyl)-4-hydroxybutyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was ob- 
tained 0.027 g N 2 -[2(R)-[4-hydroxy-1(R or SJ-thydroxycarbamoyObutylH-^ethylvaleryn-NVS-dimethyl-L- 
50 valinamide in the form of a white solid: nmr (MeOD): 4.25 (s,1H); 3.46 (t,2H,J = 6); 2.70 (s,3H); 2.67 (dt,1H, 
J = 11,4); 2.16 (dt,1H,J= 11,3.5); 1.67-1.31 (m,6H); 1.12-1.04 (m,1H); 1.01 (s,9H); 0.88 (d,3HJ = 6); 0.83 
(d,3H,J = 6); MS: 374 (M + H)\ 

The starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 1(iii), from N 2 -[2(R)-[4-acetoxy-1(R or S)- 
55 (carboxy)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was obtained N 2 -[2(R)-[4-acetoxy-1(R 

or S)-benzyloxycarbamoyl)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid. 

(ii) In an analogous manner to that described in the last paragraph of Example 64, from 0.1 g of N 2 -[2(R)- 
[4-acetoxy-1(R or S)-(benzyloxycarbamoyl)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, there were 
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obtained 0.058 g of N 2 -[2{R)-[(R or S)-benzyloxycarbamoyl)-4-hydroxybutyl]-4-methylvaleryl]-N\3-dim 
ethyl-L-valinamide in the form of a white solid; nmr (MeOD): 7.46 (m,2H); 7.37 (m,3H); 4.88 (m,2H); 4.23 
(s,1H); 3.44 (t,2H,J = 7); 2.74-2.65 (m,4H); 2.14-2.06 (m,1H); 1.63-1.55 (m,lH); 1.50-1.29 (m,6H); 1.04-0.95 
(m,10H); 0.87 (d.3H,J = 7); 0.82 (d,3H,J=7). 

5 

Example 69 



In a manner analogous to that described in the first paragraph of Example 44, from 0.1 g of N 2 -[2(R)-[1- 
(R or S)-(carboxy)-3-phthalimidopropyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there was obtained 
w 0.060 g of N 2 -[2(R)-[1-(R or S)-(hydroxycarbamoyl)-3-phthalimidopropyl]-4-methylvaleryl]-N\3-dimethyl-L- 
valinamide in the form of a white solid; nmr (MeOD): 7.87-7.76 (m,4H); 4.20 (s,1H); 3.68-3.51 (m,2H); 2.74- 
2.65 (m,4H); 2.22 (dt,1 H,J = 10,3.5); 2.05-1.93 (m,1H); 1.85-1.75 (m.lH); 1.54-1.45 (m,1H); 1.41-1.29 (m,1H); 
1.13-1.04 <m,1H); 1.06 (s,9H); 0.86 (d,3H,J = 6); 0.81 (d,3H,J = 6); MS: 489 (M + H)\ 
The starting material was prepared as follows: 
75 (i) 8.2 ml of a 1 M solution of borane in tetrahydrofuran was added to a solution of 4.055 of 1 ,2-dibenzyl 
1-tert.butyl 1-(formylmethyl)4-methyl-1 ,1 ,2(R)-pentanetricarboxylate in 40 ml of dry tetrahydrofuran. After 
stirring for 5 minutes the mixture was acidified with 5% aqueous citric acid solution and was extracted 
twice with ethyl acetate. The combined extracts were washed with saturated sodium chloride solution, 
dried over anhydrous magnesium sulphate and evaporated. The residue was purified by flash 
20 chromatography on silica gel using hexane/ethyl acetate for the elution. There were obtained 2.518 g of 
1,2-dibenzyl 1-tert.butyl 1 -(hydroxy methyl)-4-methyl-1 ,1 ,2(R)-pentanetricarboxylate in the form of a 
colourless oil. 

(ii) A mixture of 2.911 g of 1,2-dibenzyl 1-tert.butyl 1-(hydroxymethyl)-4-methyl-1 ,2,2(R)-pentanetricarbox- 
ylate, 3.04 g of triphenylphosphine and 1.755 g of phthalimide in 50 ml of dry tetrahydrofuran was cooled 

25 to 0* and 2.047 g of diethyl azodicarboxylate were added. The mixture was stirred at room temperature 
under a nitrogen atmosphere for 20 hours. The solvent was removed by evaporation and the residue was 
purified by flash chromatography on silica gel using hexane/ethyl acetate (5:1) for the elution. There were 
obtained 3.001 g of 1,2-dibenzyl 1-tert.butyl 4-methyl-1-(2-phthalimidoethyl)-1,1,2(R)-pentanetricarbox- 
ylate in the form of a colourless gum. 

30 (iii) In a manner analogous to that described in Example 45(ii)-(iv), from 1,2-dibenzyl 1-tert.butyl 4- 
methyl-1-(2-phthalimidoethyl)-1 ,1 ,2(R)-pentanetricarboxytate there was obtained N 2 -[2(R)-[1(R or S)- 
(carboxy)-3-phthalimidopropyI]-4-methyl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid, MS: 474 
(M + H)\ 

35 Example 70 



In a manner analogous to that described in the first paragraph of Example 1, from 0.075 g of a 1:1 
mixture of isomers of N 2 -[2(R)-1-(benzyloxycarbamoyl)-2-methylpropyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide there was obtained 0.041 g of N 2 -[2(R)-1-(hydroxycarbamoyl)-2-methylpropyl]-4-methylvaleryl]- 
40 N\3-dimethyt-L-valinamide in the form of a white solid; MS; 358 (M + H) . 

The starting material was obtained as follows: 

(i) In a manner analogous to that described in Example 45(i), from 1 -benzyl 4-tertbutyl 3- 
tert.butoxycarbonyl-2(R) isobutylsuccinate and isopropyl iodide there was obtained 1 -benzyl 4-tert.butyl 
3-tert.butoxycarbonyl-2(R)-isobutyl-3-isopropylsuccinate in the form of an oil; MS 463 (M + H) . 
45 (ii) In a manner analogous to that described in Example 2(iii) from 1-benzyl-4-tert. butyl 3- 
tert.butoxycarbonyl-2(R)-isobutyt succinate there was obtained 1 -benzyl 2(R)-isobutyl 3-(RS)-isopropyl- 
succinate in the form of a colourless oil; MS: 306 (M)\ 

(iii) 0.19 g of 1 -benzyl 2(R)-isobutyl 3-(RS)-isopropylsuccinate was dissolved in 5 ml of dichloromethane 
and the solution was cooled to - 70 * . 5 ml of isobutene were added followed by two drops of 

so concentrated sulphuric acid. The flask was tightly stoppered and the mixture was stirred for 3 days as 
room temperature. The mixture was poured into 5% aqueous sodium hydrogen carbonate solution and 
the product was extracted four times with diethyl ether. The combined extracts were washed with 5% 
aqueous sodium hydrogen carbonate and then saturated aqueous sodium chloride solution. The solution 
was dried over anhydrous magnesium sulphate and evaporated, and the residue was purified by flash 

55 chromatography on silica gel using hexane/diethyl ether (8:1) for the elution. There was obtained 0.134 g 
of 1 -benzyl 4-tert.butyl 2(R)-isobutyl-3-(RS)-isopropylsuccinate in the form of a colourless oil; MS: 363 
<M + H)\ 

(iv) 0.134 g of 1 -benzyl 4-tert.butyl 2(R)-isobutyl-3-(RS)-isopropylsuccinate was dissolved in 10 ml of 
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methanol containing 0.08 g of 10% palladium-on-carbon. After shaking in a hydrogen atmosphere for 8 
hours the catalyst was filtered off and the solvent was removed by evaporation to give 4-tert. butyl 2(R)- 
isobutyl 3-(RS)-isopropylsuccinate in the form of a colourless gum; MS: 273 (M + H) . 
(v) In a manner analogous to that described in Example 1(i)-(iii) from 4-tert.butyl 2(R)-isobutyl 3-(RS)- 
5 isopropylsuccinate there was obtained a 1:1 mixture of isomers of N 2 -[2(R)-1-(benzyloxycarbamoyl)-2- 
methylpropyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; MS: 399 {M + H)\ 

Example 71 



w In a manner analogous to that described in the first paragraph of Example 1, from 0.115 g of N 2 -[2(R)- 
[2-(4-biphenylyl)-1 (R or S)-(benzy toxycarbamoy l)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there 
was obtained 0.065 g of N 2 -[2(R)-[2-(4-biphenylyl)-1(R or S)-(hydroxycarbamoyl)- ethyl]-4-methylvaleryl]- 
N 1 ,3-dimethy!-L-valinamide in the form of a white solid; nmr (MeOD): 7.60-7.17 (m,9H); 4.36 (s,3H); 2.94- 
2.68 <m,6H); 2.53-2.42 (m,1H); 1.63-1.52 (m,1H); 1.50-1.33 (m,1H); 1.19-1.08 (m,1H); 1.07 (s,9H); 0.94 

75 (d,3H,J = 6); 0.85 (d,3H,J = 6); MS: 482 (M + H)* . 

The starting material was prepared as follows: 

In a manner analogous to that described in Example 45(i)-(v), from 1,2-dibenzyl 1-tert. butyl 4-methyl- 
1,1,2(R)-pentanetricarboxylate and 4-phenylbenzyl bromide there was obtained N 2 -[2(R)-[2-(4-biphenylyl)-1- 
(R or SJ^benzyloxycarbamoyOethylj^-methylvaleryn-NVS-dimethyl-L-valinamide in the form of a white solid; 
20 MS: 572 (M + H)\ 

Example 72 



In a manner analogous to that described in the first paragraph of Example 1, from 0.155 g of N 2 -[2(R)- 
25 [2-(3-biphenylyl)-1(R or S)-(benzyloxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide there 
was obtained 0.105 g of N 2 -[2(R)-[2-(3-biphenyfyl)-1(R or S)-(hydroxycarbamoyl)- ethyl]-4-methylvaleryl]- 
N 1 ,3-dimethyl-L-valinamide in the form of a white solid; nmr (MeOD); 7.58 (m,2H); 7.46-7.28 (m,6H); 7.05 
(m,1H); 4.34 (s,1H); 2.98-2.68 (m,6H); 2.54-2.43 (m,1H); 1.62-1.52 (m,1H); 1.49-1.37 (m,1H); 1.23-1.10 
(m,1H); 1.07 (s,9H); 0.93 <d,3H,J = 6H); 0.85 <d,3H,J = 6H); MS: 482 (M + H)\ 
30 The starting material was prepared as follows: 

In an analogous manner to that described in Example 45(i)-(v) from 1,2-dibenzy I 1-tert. butyl 4-methyl- 
1,1,2(R)-pentanetricarboxylate and 3-phenylbenzyl bromide there was obtained N 2 -[2(R)-[2-(3-biphenylyl)-1- 
(R or S)-(benzyloxycarbamoyl)ethyl3-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a white solid; 
MS: 572 (M + H) + . 

35 

Example 73 



In a manner analogous to that described in the first paragraph of Example 1, from 5.52 g of N 2 -[2(R)-[1- 
(S)-(benzyloxycarbamoyl)ethyl]-4-methylvalery]-N 1 ,3-dimethyl-L-valinamide there were obtained 3.92 g of 
40 N 2 -[2(R)-t1-(S)-(hydroxcarbamoyl)ethyl]-4-methyl-valeryl]-N\3-dimethy!-L-valtnamide as an off-white solid; 
nmr (CD 3 OD): 427 (s,1H); 2.72-2.62 <m,4H); 2.32-2.2 <m,1H); 1.58-1.45 (m,1H); 1.43-1.28 (m,1H); 1.13-1.05 
(m,4H); 1.02 (s,9H); 0.89 (d,3H,J = 5); 0.83 (d,3H,J = 5): MS 330 (M + H)\ 

The starting material was prepared as follows: 

(i) 400 g of D-leucrne were dissolved in 5 I of water containing 296 ml of concentrated sulphuric acid and 
45 cooled to -2 V A solution of 421 g of sodium nitrite in 1.25 I of water was added slowly while holding the 

temperature at -2*. The mixture was stirred at 0" for 1.5 hours and then allowed to warm to room 
temperature overnight. The mixture was extracted three times with ethyl acetate. The combined organic 
extracts were washed with sodium chloride solution, dried over anhydrous magnesium sulphate and 
evaporated to give 168 g of D-leucic acid as a pale yellow oil. 
so The aqueous phase obtained according to the foregoing paragraph was cooled to -2° and treated 

with sodium nitrite in the same manner as described in that paragraph to give a further 222 g of D-leucic 
acid as a yellow oil (total yield 390 g). 

(ii) 278 g of benzyl bromide were added to a stirred solution of 215 g of D-leucic acid and 246 g of 
triethylamine in 2.5 I of ethy acetate. The mixture was then heated under reflux for 5 hours, cooled and 

55 filtered to remove triethylamine hydrobromide. The filtrate was washed twice with 2M hydrochloric acid, 
water, saturated sodium bicarbonate solution and then saturated sodium chloride solution The organic 
extract was dried over magnesium sulphate and evaporated to give 225 g of D-leucic acid benzyl ester 
as a yellow liquid. 
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(iii) A solution of 177 g of D-leucic acid benzyl ester and 69.5 g of pyridine in 500 ml of dichloromethane 
was added to a stirred solution of 248 g of trifluoromethanesulphonic anhydride in 1 I of dichloromethane 
over a period of 1.5 hours at 0°. The mixture was stirred at 0* overnight and then washed twice with 
water, saturated sodium bicarbonate solution and saturated brine. The organic extract was dried over 

5 anhydrous magnesium sulphate and evaporated to give 258 g of a brown oil. Flash chromatography on 
silica gel using 2% ethyl acetate in hexane for elution gave 223 g of benzyl 2-(R)-trifluorome 
thanesulphonyl-4-methylvalerate as a yellow oil; Rf = 0.52 (10% ethyl acetate/hexane). 

(iv) A solution of 147 g of benzyl t-butylmalonate in 150 ml of dry N,N-dimethylformamide was added 
dropwise to a stirred suspension of 14.9 g of sodium hydride in 800 ml of N,N-dimethylformamide over a 

w period of 30 minutes. The solution was stirred at room temperature for 1 hour until effervescence had 
ceased. The solution was cooled to 0* and treated with a solution of benzyl 2-(R)-triflu 
oromethanesulphonyl-4-methylvalerate in 750 ml of dry dichloromethane. The solution was stirred at 0* 
for 1 hour and then at room temperature overnight. The solvent was removed by evaporation and the 
residue was dissolved in 2 I of dichloromethane. The solution was washed with water, saturated sodium 

75 bicarbonate solution and sodium chloride solution. The organic extract was dried over anhydrous 
magnesium sulphate and evaporated to give 276 g of a yellow oil. Flash chromatography on silica gel 
using 5% ethyl acetate in hexane for the elution gave 230.5 g of 1,2-dibenzyl 1-tert. butyl 4-methyl-1,1 ,2- 
(R)-pentanetricarboxylate as a colourless oil. 

<v) A solution of 17.05 g of 1,2-dibenzyl 1-tert. butyl 4-methyl-t ,1 ,2-(R)-pentanetricarboxylate in 212 ml of 
20 isopropanol was hydrogenated in the presence of 5.2 g of 10% palladium on charcoal. The catalyst was 
removed by filtration and the filtrate was treated with 10.36 ml of piperidine and 43.7 ml of 40% aqueous 
formaldehyde. The mixture was stirred at room temperature for 4 days, evaporated to dryness and the 
residue was dissolved in ethyl acetate. The solution was washed with 5% citric acid solution and 
saturated sodium chloride solution and then dried over anhydrous magnesium sulphate. The solvent was 
25 removed by evaporation and the oil obtained was purified by flash chromatography on silica gel using 
1.5% methanol/dichloromethane for the elution to give 7.98 g of 4-tert.butyl-2(R)-isobutyl-3- 
methylenesuccinate as an oil; MS: 243 (M + H) . 

(vi) A solution of 7.92 g of 4-tert.butyl-2(R)-isobutyl-3-methylenesuccinatein 400 ml of ethyl acetate was 
hydrogenated in the presence of 790 mg of 10% palladium on charcoal. The catalyst was removed by 

30 filtration and the volume of the filtrate was reduced to 70 ml. The solution was heated to 70° and then 
treated with 6 ml of dicyclohexylamine. The solid was dissolved in 150 ml of ethyl acetate and the 
solution was allowed to cool overnight. The solid was filtered off, washed with a small amount of dry 
diethyl ether and recrystallized once from ethyl acetate. The solution was washed twice with 0.5 M 
sulphuric acid, water and saturated sodium chloride solution. The organic layer was dried over anhydrous 

35 magnesium sulphate and evaporated to give 3.32 g of 4-tert.butyl-(2(R)-isobutyl-3(S)-methylsuccinate; 
MS: 245 (M + H)\ 

(vii) In a manner analogous to that described in Example t(i)-(iii), from 3.32 g of 4-tert.butyl-2(R)-isobutyl- 
3(S)-methylsuccinate there were obtained 5.52 g of N 2 -[2(R)-[1(S)-(benzyloxycarbamoyl)ethyl]-4- 
methyIvaleryl]-N\3-dimethyl-L-valinamide as a white solid;. MS: 420 (M + H) . 
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Example 74 



In a manner analogous to that described in the first paragraph of Example 44, from 1.34 g N 2 -[2(R)-[1- 
(RS)-(carboxy)-5-phthalimidopentyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide, prepared in a manner anal- 
45 ogous to Example 45{i)-(iv), there was obtained 0.42 g of N 2 -[2{R)-[1-(R or S)-(hydroxycarbamoyl)-5- 
pthalimidopentyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide as a white solid; MS: 517 (M + H) ; nmr: 
(CD 3 OD): 8.07 (d,1H,J = l0); 7.95 (m,1H); 7.84-7.75 (m,4H); 4.24 (m,1H); 3.59 (t,2H,J = 7); 2.7-2.63 (m,4H); 
2.13 (m,1H); 1.68-1.54 (m,3H); 1.52-1.46 (m,1H); 1.4-1.28 (m,3H); 1.24-1.13 (m,1H); 1.09-1.02 (m f 1H); 1.00 
(s,9H); 0.85 (d,3H,J = 6); 0.80 (d,3H,J = 6). 

50 

Example 75 



In a manner analogous to that described in the first paragraph of Example 1, from 125 mg of N 2 -[2(R)-[- 
(R or S)amino(benzyloxycarbamoyl)methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide hydrochloride, pre- 
55 pared in a manner analogous to that described in Example 45(i)-{v), there were obtained 62 mg of N 2 -[2(R)- 
[(R or S)(amino)(hydroxycarbamoyl)methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-vatinamide hydrochloride as a 
buff solid; MS: 331 .2345. 
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Example 76 



In a manner analogous to that described in the first paragraph of Example 1, from 60 mg of N 2 -[2(R)-[(R 
or S)-(benzyloxycarbamoyl)(2-phenacetylamido)methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, pre- 
5 pared in manner analogous to that described in Example 45(i)-(v), there were obtained 46 mg of N 2 -[2(R)-[- 
(R or SHhydroxycarbamoyl){2-phenacetylamido)methyl]-4-methylvalenyl]-N 1 ,3-dimethyl-L-valinamide as a 
buff coloured solid; MS: 449 (M + H) + ; nmr (CD 3 OD) 7.32-7.20 (m,5H); 4.45 (d,1H t J = 8); 4.23 (s,1H); 3.58- 
3.46 (m,2H); 3.07-2.90 (m,1H); 2.72 (S,3H); 1.52-1.26 (m,3H); 1.21-1.02 (m,1H); 0.98 (s,9H); 0.86-0.78 
(m,6H). 

Example 77 



In a manner analogous to that described in the first paragraph of Example 1, from 200 mg of 4-[[N-2(R)- 
(benzyloxycarbamoylmethyl)-4-methylvaleryl]-3-methyl-L-valyl]amino]butyric acid, prepared in a manner 
J5 analogous to that described in Example 1(i)-(iii), there were obtained 162 mg of 4-[[N-2(R)-(hydroxyc- 
arbamoylmethyl)-4-methylvaleryl]-3-methyl-L-valyl]amino]butyric acid as a white powder; MS: 388. (M + H) + ; 
nmr (CD 3 OD): 7.83 (d,1H,J = 9); 4.22 (m,1H); 3.26-3.15 (m,2H); 2.98-2.90 (m,1H); 2.35-2.26 <m,3H); 2.20-2.13 
(m,1H); 1.83-1.74 (m,2H); 1.62-1.42 <m, 2H); 1.24-1.14 {m, 1H); 1.0 (s,9H); 0.92 (d,3H,J = 7); 0.86 
(d,3H,J = 7). 

20 

Example 78 



In a manner analogous to that described in the first paragraph of Example 1 , from 200 mg of methyl-4-[- 
[N-2(R)-[(benzyloxycarbamoyl)methyl]-4-methylvaleryl]-3-methyl-L-va)yl]amino]butyrate, prepared in a man- 
25 ner analogous to that described in Example 1{i)-(iii), there were obtained 156 mg of methyl-4-[(N-[2(R)-[- 
(hydroxycarbamoyl)methyl]-4-methylvaleryl]-3-methyl-L-valyl]amino]butyrate as an off white powder: nmr 
CD3OD): 4.22 (s,1H); 3.66 (s,3H); 3.26-3.13(m,2H); 2.98-2.89 (m,1H); 2.38-2.26 <m,3H); 2.20-2.13 (m,1H); 
1.85-1.71 (m,2H); 1.62-1.42 <m,2H); 1.22-1.13 (m,1H); 1.0 (s,9H); 0.91 (d,3H,J = 8); 0.86 (d,3H,J=8). 

30 Example 79 



In a manner analogous to that described in the first paragraph of Example 1 , from 200 mg of 4-[[N-[2- 
(R)-[(benzyloxycarbamoyl)methyl]-4-methylvaleryl]-3-methyl-L-valyl]amino]-N-methyl butyramide, prepared 
in a manner analogous to that described in Example 1(i)-{iii), there were obtained 139 mg of 4-[[N-[2(R)-[- 
35 (hydroxycarbamoyl)methyl]-4-methylvaleryl]-3-methyl-L-valyl]amino-N-methyl butyramide as an off white 
solid; nmr (CD 3 OD): 4.19 (s,1H); 3.25-3.10 (m,2H); 3.0-2.89 (m,1H); 2.62 <s,3H); 2.35-2.27 (m.lH); 2.22-2.15 
(n,2H); 1.82-1.72 (m,2H); 1.62-1.41 (m,2H); 1.23-1.14 1.0 <s,9H); 0.91 (d,3H,J = 8); 0.86 <d,3H,J = 8). 

Example 80 

40 

In a manner analogous to that described in the first paragraph of Example 1, from 0.165 g of N 2 -[2(R)- 
[1(R or S)-(benzyloxycarbamoyl)-4-(carbamoyl)butyl]-4-methylvaleryl]N 1 ,3-dimethyt-L-valinamide there were 
obtained 0.11 g of N 2 -[2(R)-4-carbamoyl-1(R or S)-(hydroxycarbamoyl)butyl-4-methylvaleryl]-N 1 ,3-dimethyl- 
L-valinamide in the form of a white solid; nmr (MeOD): 4.15 (s,1H); 2.61 (s,3H); 2.58 (dt,1 H,J = 1 1 ,3); 2.12- 
45 2.02 (m,3H); 1.58-1.45 (m,4H) 1.33-1.18 (m,2H); 1.02-0.93 <m,1H); 0.92 (s,9H); 0.78 (d,3H, J = 6); 0.73 
(d,3H,J = 6); MS: 401 <M + H)\ 

The starting material was prepared as follows: 

A mixture of 0.177 g of N 2 -[2(R)-[1{R or S)-(benzyloxycarbamoyl)-4-(carboxy)butyl]-4-methylvaleryl]- 
N\3-dimethyl-L-valinamide, 0.062 g of 1 -hydroxy benzotriazole ammonium salt, 0.05 ml of N-methylmor- 

50 pholine and 0.078 g of 1-(3-dimethylaminopropyl)-3-ethylcarbodtimide hydrochloride in 5 ml of dry dimethyl- 
formamide was stirred for 1 hour at 0 " and then for a further 2 days at room temperature. The solution was 
poured into aqueous sodium hydrogen carbonate solution and the product was extracted with four portions 
of ethyl acetate. The combined ethyl acetate extracts were washed in succession with aqueous sodium 
hydrogen carbonate, 1 M hydrochloric acid, saturated sodium chloride solution, dried over anhydrous sodium 

55 sulphate and evaporated to give 0.166 g of N2-[2(R)-[1 (R or S)-{benzyloxycarbamoyl)-4-(carboxy)butyl]-4- 
methylvaleryl]-N 1 ,3-dimethyl-L-valinamide in the form of a colourless gum; MS: 491 (M + H)\ 

The following Examples illustrate pharmaceutical preparations containing the amino acid derivatives 
provided by the present invention: 
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Example A 



Tablets containing the following ingredients may be produced in a conventional manner: 



Ingredient 


Per Tablet 


Amino acid derivative 
Lactose 
Maize starch 
Talc 

Magnesium stearate 


10.0 mg 
125.0 mg 
75.0 mg 
4.0 mg 
1.0 mg 

Total weight 215.0 mg 



Example B 



Capsules containing the following ingredients may be produced in a conventional manner: 



Ingredient 


Per Capsule 


Amino acid derivative 

Lactose 

Maize starch 

Talc 


10.0 mg 
165.0 mg 
20.0 mg 
5.0 mg 

Capsule fill weight 200.0 mg 



Claims 

1. Compounds of the general formula 




wherein A represents the group 




49 



EP 0 497 192 A2 



R 1 represents hydrogen, amino, protected amino, acylamino or lower alkyl optionally substituted 
by aryl, hydroxy, protected hydroxy, amino, protected amino, acylamino, maleimido, suc- 
cinimido, naphthalimido, 2,3-dihydro-1,3-dioxo-1 H-benz[d,e]isoquinol-2-yl, carboxy, protected 
carboxy, carbamoyl, mono(lower alkyl)carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)- 
amino, carboxy-lower alkanoylamino, pyrrolidino or morpholino; 

R 2 represents hydrogen or lower alkyl optionally substituted by aryi, amino, protected amino, di- 
(lower alkyl)amino, guanidino, carboxyl, protected carboxyl, carbamoyl, mono(lower alkyl) 
carbamoyl, di(lower alkyl)carbamoyl, di(lower alkoxy)phosphinyt, dihydroxyphosphinyl, pyr- 
rolidino, piperidino or morpholino; 

R 3 represents hydrogen or lower alkyl optionally substituted by hydroxy, protected hydroxy, 
amino or protected amino; 

R 4 represents hydrogen, hydroxy, lower alkoxy or benzyloxy; and 

R 5 represents hydrogen or halogen; 
and pharmaceutical^ acceptable salts thereof. 

2. Compounds according to claim 1, wherein R 1 represents hydrogen, amino, acetylamino or lower alkyl 
optionally substituted by hydroxy, protected hydroxy, amino or protected amino; and R 2 represents 
hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, acetylamino, di(lower 
alkyl)amino, guanidino, carboxyl, protected carboxyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, 
pyrtolidino, piperidino or morpholino. 

3. Compounds according to claim I or claim 2, wherein R 1 represents hydrogen, amino, acetylamino, 
benzyloxycarbonylamino or lower alkyl optionally substituted by amino, phenyl, phthalimido, suc- 
cinimido, carboxy, alkoxycarbonyl, morpholino, hydroxy or acetoxy. 

4. Compounds according to claim 3, wherein R 1 represents hydrogen, amino, acetylamino, benzyloxycar- 
bonylamino, methyl, 5-aminopentyl, 4-phthalimidobutyt, 5-phthalimidopentyl, 5-hydroxypentyl, 5-acetox- 
ypentyl, aminomethyl, phthalimidomethyl, succinimidomethyl, benzyl, 3-phenylpropyl, 3-carboxypropyl, 
3-methoxycarbonylpropyl, benzoylaminomethyl, morpholinomethyl, acetylaminomethyl, 2- 
phthalimidoethyl, 3-hydroxypropyl or 3-acetoxy propyl. 

5. Compounds according to any one of claims 1-4, wherein R 2 represents lower alkyl optionally substi- 
tuted by amino, aryl, guanidino, carboxy, di(lower alkoxy)phosphinyl, dihdroxy-phosphinyl or mor- 
pholino. 

6. Compounds according to claim 5, wherein R 2 represents methyl, 4-aminobutyl, 1-phenylethyt, 5- 
carboxypentyl, diethoxyphosphinylmethyl,dihydroxyphosphinylmethyl or 5-morpholinopentyl. 

7. Compounds according to any one of claims 1-6, wherein R 3 represents hydrogen, hydroxymethyt, 2- 
aminoethyl or 4-aminobuty!. 

8. Compounds according to claim 7, wherein R 3 represents hydrogen. 

9. Compounds according to any one of claims 1-8, wherein R 4 represents hydrogen, hydroxy or 
benzyloxy. 

10. Compounds according to claim 9, wherein R 4 represents hydrogen or hydroxy. 

11. Compounds according to any one of claims 1-10, wherein R 5 represents hydrogen or bromine. 

12. ^-[(RJ^HydroxycarbamoylmethylH-methylvalerylJ-N^S-dimethyl-L-valinamide. 

13. N 2 -[2(R or S)-[1(S)-(Hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide (isomer 2). 

14. N 2 -[[2(R or S)-[[[<5-Bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl](hydroxy)- 
phosphinyl]methy!]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide. 

15. N 2 -[2(R or S)-[[(R)-<Amino)[(5-bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)- 
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methyl]{hydroxy)phosphinyl]-meth^ 

16. N 2 -[2(R or S)-[[(R)-(Amino)[(2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoqutnol-2-yl)methy!]- 
(hydroxy)phosphtnyl]methyl]-4-methylva!eryl]-N\3-dimethyl-L-valinamide. 

17. N 2 -[2(R)-[1(R or S)-(Hydroxycarbamoyl)-2-phthaiimidoethyl]-4-methylvaleryl]-N\3-dimethyl-L- 
valinamide. 

18. N 2 -[2(R)-[1{R or S)-(Hydroxycarbamoyl)-4-(methoxycarbonyl)butyl]-4-methylvaleryI]-N 1 ,3-dirnethyl-L- 
valinamide. 

19. N 2 -[2(R)-[1(R or S)-(Hydroxycarbamoyl)-4-phenylbutyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide. 

20. N 2 -[2(R)-[t<R or S)-(Hydroxycarbamoyl)-2-succinimidoethyl]-4-methylvateryl]-N 1 ,3-dtmethyl-L- 
valinamide. 

21. Acids or the general formula 



HOOC 




R 10 



wherein R 10 represents hydrogen, protected amino, acylamino or lower alkyl optionally substituted by 
aryl, protected hydroxy, protected amino, acylamino, maleimido, succinimido, naphthalimido, 2,3- 
dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl, protected carboxy, carbamoyl, mono(lower alkyl)- 
carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, pyrrolidino or 
morpholino and R 20 represents hydrogen or lower alkyl optionally substituted by aryl, protected amino, 
di(lower a!kyl)amino, protected carboxyl, carbamoyl, mono(lower alkyl)carbamoyl, di(lower alky I)- 
carbamoyl, di(lower alkoxy)-phosphinyl, pyrrolidino, piperidino or morpholino. 

22. Compounds of the general formula 




wherein A 1 represents benzyloxyformamido; R 10 has the significance given in claim 21 and R 21 has any 
of the values of R 20 given in claim 21 or represents nitroguanidino. 

23. Acids of the general formula 
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(VI) 



COOH 



wherein R 4 and R 5 have the significance given in claim 1, R 10 has the significance given in claim 21 
and R 30 represents hydrogen or lower alkyl optionally substituted by protected hydroxy or protected 



amino. 



24. Compounds of the general formula 




CO— NH 




CO— NH R 2 



(VTI) 



wherein R\ R2, R 3 , R 4 and R 5 have the significance given in claims 1 and R 6 represents lower alkyl. 
25. Compounds of the general formula 





— mh^^CO— NH— R 20 



(IX) 



CO — NH 



wherein R 10 and R 20 have the significance given in claims 21. 

26. Compounds according to any one of claims 1 -20 for use as therapeutically active substances. 

27. Compounds according to any one of claims 1-20 for use in the control or prevention of of degenerative 
joint diseases or in the treatment of invasive tumours, athersclerosis or multiple sclerosis. 



28. A process for the manufacture of the compounds claimed in any one of claims 1-20, which process 
comprises 

(a) reacting an acid of the general formula 
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wherein R 10 represents hydrogen, protected amino, acylamino or lower alkyl optionally substi- 
tuted by aryl, protected hydroxy, protected amino, acylamino, maleimido, succinimido, naph- 
thalimido, 2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl, protected carboxy, carbamoyl, mono- 
(lower alky^carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, 
pyrrolidino or morpholino and R 20 represents hydrogen or lower alkyl optionally substituted by aryl, 
protected amino, di(lower alkyl)amino, protected carboxyl, carbamoyl, mono(lower alkyl)carbamoyl, 
di(lower alkyl)carbamoyl, di{lower alkoxy)-phosphinyl, pyrrolidino, piperidino or morpholino, 
with a compound of the general formula 

H 2 N-OZ III 

wherein Z represents hydrogen, tri(lower alkyl)silyl or diphenyl{lower alkyl)silyl, 
and, where required, cleaving off any diphenyl(lower alkyl)silyl group present in the reaction product, 
or 

(b) catalytically hydrogenating a compound of the general formula 




wherein A 1 represents benzyloxyformamido, R 10 has the significance given earlier in this claim 
and R 21 has any of the values of R 20 given earlier in this claim or represents nitroguanidino, 
or 

(c) reacting an amine of the general formula 




(V) 

H 2 N' X ^*CO— NH— R 20 

wherein R 20 has the significance given earlier in this claim, with an acid of the general formula 
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wherein R 4 and R 5 have the significance given in claim 1 , R 10 has the significance given earlier 
in this claim and R 30 represents hydrogen or tower alkyl optionally substituted by protected hydroxy 
or protected amino, 
or 

(d) treating a compound of the general formula 




(vn) 



wherein R\ R 2 , R 3 , R 4 and R 5 have the significance given in claim 1 and R 6 represents lower 
atkyl, with an acid or a halotri(lower alkyl)silane, or 

(e) reacting a compound of the general formula 




(vhd 



wherein R 4 and R 5 have the significance given in claim 1 and R 30 has the significance given 
earlier in this claim, 

with a compound of the general formula 
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OH 



— NH^^CO — NH— R 20 



(IX) 



CO 



wherein R 10 and R 20 have the significance given earlier in this claim, 

or 

(f) brominating a compound of formula I in which A represents a group of formula (b) wherein R* 
represents hydroxy and R s represents hydrogen, or 

(g) cleaving off the protecting group(s) from a compound of formula I in which R 1 represents 
protected amino or lower alkyl substituted by protected hydroxy or protected amino and/or R 2 
represents lower alkyl substituted by protected amino or protected carboxyt and/or R 3 represents 
lower alkyl substituted by protected hydroxy or protected amino, or 

(h) treating a compound of formula I in which R 2 represents di(lower a!koxy)phosphinyl-(lower alkyl) 
with an acid or with a halotri(lower alkyl)silane, or 

(i) acylating a compound of formula I in which R 1 represents amino or amino-lower alkyl, or 

(j) ring-opening a compound of formula I in which R 1 represents phthalimido-(lower alkyl) or 
succinimido-(lower alkyl), and 

(k) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable salt. 

29. A process according to claim 28, wherein a compound claimed in claim 2 is manufactured according to 
embodiment (b), (c), (d), (e), (f), (g), (h), (i) and/or (k). 

30. A medicament, particularly for the control or prevention of degenerative joint diseases or for the 
treatment of invasive tumours, athersclerosis or multiple sclerosis, containing a compound according to 
any one of claims 1-20 and a therapeutically acceptable carrier material. 

31. The use of a compound according to any one of claims 1-20 for the manufacture of a medicament for 
the control or prevention of degenerative joint diseases or for the treatment of invasive tumours, 
atherosclerosis or multiple sclerosis. 

Claims for the following Contracting State : ES 

1. A process for the manufacture of compounds of the general formula 



A 




Y CO— NH 
R 1 



(D 



wherein A represents the group 
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R 1 represents hydrogen, amino, protected amino, acylamino or lower alkyl optionally substituted 
by aryl, hydroxy, protected hydroxy, amino, protected amino, acyfamino, maleimido, suc- 
cinimido, naphthalimido, 2,3-dihydro-1,3-dioxo-1H-benz[d,e3isoquinol-2-yl, carboxy, protected 
carboxy, carbamoyl, mono(lower alkyl)carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)- 
amino, carboxy-lower alkanoylamino, pyrrolidino or morpholino; 

R 2 represents hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, di- 
(lower alkyl)amino, guanidino, carboxyl, protected carboxyl, carbamoyl, mono(lower alkyl) 
carbamoyl, di(lower alkyl)carbamoyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, pyr- 
tolidino, piperidino or morpholino; 

R 3 represents hydrogen or lower alkyl optionally substituted by hydroxy, protected hydroxy, 
amino or protected amino; 

R* represents hydrogen, hydroxy, lower alkoxy or benzyloxy; and 

R 5 represents hydrogen or halogen; 
and pharmaceutical^ acceptable salts thereof, which process comprises 

(a) reacting an acid of the general formula 




wherein R 10 represents hydrogen, protected amino, acylamino or lower alkyl optionally substi- 
tuted by aryl, protected hydroxy, protected amino, acylamino, maleimido. succinimido, naph- 
thalimido, 2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl ( protected carboxy, carbamoyl, mono- 
(lower atkyl)carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, 
pyrrolidino or morpholino and R 20 represents hydrogen or lower alkyl optionally substituted by aryl, 
protected amino, di(lower alkyl)amino, protected carboxyl, carbamoyl, mono(lower alkyl)carbamoyl, 
di(lower alkyl)carbamoyl, di(lower alkoxy-phosphinyl, pyrrolidino, piperidino or morpholino, 
with a compound of the general formula 

H 2 N-OZ III 

wherein Z represents hydrogen, tri(tower alkyl)silyl or diphenyl(lower alkyl)silyl, 
and, where required, cleaving off any diphenyl(Iower alkyl)silyl group present in the reaction product, 
or 

(b) catalytically hydrogenating a compound of the general formula 
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wherein A 1 represents benzyloxyformamido, R 10 has the significance given earlier in this claim 
and R 21 has any of the values of R 20 given earlier in this claim or represents nitroguanidino, 
or 

(c) reacting an amine of the general formula 




^1 (V) 

wherein R 20 has the significance given earlier in this claim, with an acid of the general formula 




wherein R 4 and R 5 have the significance given in claim 1 , R 10 has the significance given earlier 
in this claim and R 30 represents hydrogen or lower alkyl optionally substituted by protected hydroxy 
or protected amino, 
or 

(d) treating a compound of the general formula 




(VII) 
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wherein R\ R 2 , R 3 , R 4 and R s have the significance given in claim 1 and R 6 represents lower 
alkyl, 

with an acid or a halotri(Iower alkyl)silane, or 
(e) reacting a compound of the general formula 



wherein R 4 and R 5 have the significance given in claim 1 and R 30 has the significance given 
earlier in this claim, 

with a compound of the general formula 



wherein R 10 and R 20 have the significance given earlier in this claim, 

or 

(f) brominating a compound of formula I in which A represents a group of formula (b) wherein R 4 
represents hydroxy and R 5 represents hydrogen, or 

(g) cleaving off the protecting group(s) from a compound of formula I in which R 1 represents 
protected amino or lower alkyl substituted by protected hydroxy or protected amino and/or R 2 
represents lower alkyl substituted by protected amino or protected carboxyl and/or R 3 represents 
lower alkyl substituted by protected hydroxy or protected amino, or 

(h) treating a compound of formula I in which R 2 represents di(lower alkoxy)phosphinyl-(lower alkyl) 
with an acid or with a halotri(lower alkyl)silane, or 

(t) acylating a compound of formula I in which R 1 represents amino or amino-lower alkyl, or 

(j) ring-opening a compound of formula I in which R 1 represents phthalimido-(lower alkyl) or 

succinimido-(lower alkyl), and 

(k) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable salt. 

A process according to claim 1, wherein R 1 represents hydrogen, amino, acetylamino or lower alkyl 
optionally substituted by hydroxy, protected hydroxy, amino or protected amino; and R 2 represents 
hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, acetylamino, di(lower 
alkyl)amino, guanidino, carboxyl, protected carboxyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, 
pyrrolidino, piperidino or morphotino. 

A process according to claim 1 or claim 2, wherein R 1 represents hydrogen, amino, acetylamino, 
benzyloxycarbonylamino or lower alkyl optionally substituted by amino, phenyl, phthalimido, suc- 
cinimido, carboxy, alkoxycarbonyl, morphotino, hydroxy or acetoxy. 

A process according to claim 3, wherein R 1 represents hydrogen, amino, acetylamino, benzyloxycar- 
bonylamino, methyl, 5-aminopentyl, 4-phthalimidobutyl, 5-phthalimidopentyl, 5-hydroxypentyl, 5-acetox- 




R 5 





(IX) 
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ypentyl, aminomethyl, phthalimidomethyl, succinimidomethyl, benzyl, 3-phenylpropyl, 3-carboxypropyl, 
3-methoxycarbonylpropyl, benzoylaminomethyl, morpholinomethyl, acetylaminomethyl, 2- 
phthalimidoethyl, 3-hydroxypropyl or 3-acetoxypropyl. 

5. A process according to any one of claims 1-4, wherein R 2 represents lower alkyl optionally substituted 
by amino, aryl, guanidino, carboxy, di(lower alkoxy)phosphinyl, dihdroxy-phosphinyl or morpholino. 

6. A process according to claim 5, wherein R 2 represents methyl, 4-amtnobutyl, 1-phenylethyl, 5- 
carboxypentyl, diethoxyphosphinylmethyl.dihydroxyphosphinylmethyl or 5-morpholinopentyl. 

7. A process according to any one of claims 1-6, wherein R 3 represents hydrogen, hydroxymethyl, 2- 
aminoethyl or 4-amino-butyl. 

8. A process according to claim 7, wherein R 3 represents hydrogen. 

9. A process according to any one of claims 1-8, wherein R 4 represents hydrogen, hydroxy or benzyloxy. 

10. A process according to claim 9. wherein R 4 represents hydrogen or hydroxy. 

11. A process according to any one of claims 1-10, wherein R 5 represents hydrogen or bromine. 

12. A process according to claim 1 for the manufacture of compounds of the following group: 

^-[(R^thydroxycarbamoylmethylJ^-methylvaleryn-N^S-dimethyl-L-valinamide, 

N 2 -[2(R or S)-[1(S)-(hydroxycarbamoyl)ethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide (isomer 

2), 

N 2 -[[2(R or S)-[[[(5-bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)methyl]- 
(hydroxy)phosphinyl]-methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, 

N 2 -[2(R or S)-[[(R)-(amino)[(5-bromo-2,3-dihydro-6-hydroxy-1 f 3-dioxo-1H-benz[d,e]isoquinol-2-yl)- 
methyl](hydroxy)-phosphinyl]methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide. 

13. A process according to claim 1 for the manufacture of compounds of the following group: 

N 2 -[2(R or S)-[[(R)-(amino)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e3isoquinol-2-yl)methyl]- 
(hydroxy)phosphinyl]-methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, 

N 2 -[2(R)-[1(R or S)-(hydroxycarbamoy l)-2-phthalimidoethy l]-4-methy lvaleryl]-N 1 ,3-dimethyl-L- 
valinamide, 

N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-4-{methoxycarbonyl)butyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide, 

N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-4-phenylbutyl]-4-methylvaleryl]-N\3-dimethyl-L-valinamide, 
N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-2-succin- imidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide. 

14. A process according to claim 1, wherein a compound as in claim 2 is manufactured according to 
embodiment (b), (c), (d), (e), (f), (g), (h), (i) and/or (k). 

15. The use of a compound according to claim 1 for the manufacture of a medicament for the control or 
prevention of degenerative joint diseases or for the treatment of invasive tumours, atherosclerosis or 
multiple sclerosis. 

16. The compound medicaments, processes and uses as described hereinbefore, particularly with refer- 
ence to the Examples. 

Claims for the following Contracting State : GR 

1. A process for the manufacture of compounds of the general formula 
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wherein A represents the group 




R 1 represents hydrogen, amino, protected amino, acylamino or lower alkyl optionally substituted 
by aryl, hydroxy, protected hydroxy, amino, protected amino, acylamino, maleimido, suc- 
cinimido, naphthalimido, 2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl, carboxy, protected 
carboxy, carbamoyl, mono(lower a!kyl)carbamoyi, di(lower alkyl)carbamoyl, di(lower alkyl)- 
amino, carboxy-lower alkanoylamino, pyrrolidino or morpholino; 

R 2 represents hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, di- 
(lower alkyl)amino, guanidino, carboxyl, protected carboxyl, carbamoyl, mono(lower alkyl) 
carbamoyl, di(lower alkyl)carbamoyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, pyr- 
rolidino, piperidino or morpholino; 

R 3 represents hydrogen or lower alkyl optionally substituted by hydroxy, protected hydroxy, 
amino or protected amino; 

R 4 represents hydrogen, hydroxy, lower alkoxy or benzyloxy; and 

R 5 represents hydrogen or halogen; and pharmaceutical^ acceptable salts thereof, which pro- 
cess comprises 
(a) reacting an acid of the general formula 




wherein R 10 represents hydrogen, protected amino, acylamino or lower alkyl optionally substi- 
tuted by aryl, protected hydroxy, protected amino, acylamino, maleimido, succinimido, naph- 
thalimido, 2,3-dihydro-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl, protected carboxy, carbamoyl, mono- 
flower alkyl)carbamoyl, di(lower alkyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, 
pyrrolidino or morpholino and R 20 represents hydrogen or lower alkyl optionally substituted by aryl, 
protected amino, di{lower alkyl)amino, protected carboxyl, carbamoyl, mono{lower alkyl)carbamoyl, 
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di(lower afkyl)carbamoyl, di(lower alkoxy)-phosphinyl, pyrrolidino, piperidino or morpholino, 
with a compound of the general iormula 

H2N-OZ III 

wherein Z represents hydrogen, tri(lower alkyl)silyl or diphenyl(lower alkyl)silyl, 
and, where required, cleaving off any diphenyl(lower alkyl)silyl group present in the reaction product, 
or 

(b) catalytically hydrogenating a compound of the general formula 




wherein A 1 represents benzyloxyformamido, R 10 has the significance given earlier in this 
claim and R 21 has any of the values of R 20 given earlier in this claim or represents nitroguanidino, 
or 

(c) reacting an amine of the general formula 




I (V) 

wherein R 20 has the significance given earlier in this claim, with an acid of the general formula 




wherein R 4 and R 5 have the significance given in claim 1, R 10 has the significance given earlier 
in this claim and R 30 represents hydrogen or lower alkyl optionally substituted by protected hydroxy 
or protected amino, 
or 

(d) treating a compound of the general formula 
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(VII) 



wherein R\ R 2 , R 3 , R 4 and R 5 have the significance given in claim 1 and R 6 represents 
lower alkyl, 

with an acid or a halotri(lower alkyl)silane, or 
(e) reacting a compound of the general formula 




(vm) 



wherein R 4 and R 5 have the significance given in claim 1 and R 30 has the significance given 
earlier in this claim, 

with a compound of the general formula 




wherein R 10 and R 20 have the significance given earlier in this claim, 

or 

(f) brominating a compound of formula I in which A represents a group of formula (b) wherein R 4 
represents hydroxy and R 5 represents hydrogen, or 

(g) cleaving off the protecting group(s) from a compound of formula I in which R 1 represents 
protected amino or lower alkyl substituted by protected hydroxy or protected amino and/or R 2 
represents lower alkyl substituted by protected amino or protected car boxy I and/or R 3 represents 
lower alkyl substituted by protected hydroxy or protected amino, or 

(h) treating a compound of formula I in which R 2 represents di(lower alkoxy)phosphinyl-(lower alkyl) 
with an acid or with a halotri(lower alkyl)silane, or 

(i) acyfating a compound of formula I in which R 1 represents amino or amino-lower alkyl, or 

(j) ring-opening a compound of formula I in which R 1 represents phthalimido-(lower alkyl) or 
succinimido-(lower alkyl), and 

(k) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable salt. 
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2. A process according to claim 1, wherein R 1 represents hydrogen, amino, acetylamino or lower alkyl 
optionally substituted by hydroxy, protected hydroxy, amino or protected amino; and R 2 represents 
hydrogen or lower alkyl optionally substituted by aryl, amino, protected amino, acetylamino, di(lower 
alkyl)amino, guanidino, carboxyl, protected carboxyl, di(lower alkoxy)phosphinyl, dihydroxyphosphinyl, 

5 pyrrolidine piperidino or morpholino. 

3. A process according to claim 1 or claim 2, wherein R 1 represents hydrogen, amino, acetylamino, 
benzyloxycarbonylamino or lower alkyl optionally substituted by amino, phenyl, phthalimido, suc- 
cinimido, carboxy, atkoxycarbonyl, morpholino, hydroxy or acetoxy. 

w 

4. A process according to claim 3, wherein R 1 represents hydrogen, amino, acetylamino, benzyloxycar- 
bonylamino, methyl, 5-aminopentyl, 4-phthalimidobutyl, 5-phthalimidopentyl, 5-hydroxypentyl, 5-acetox- 
ypentyl, aminomethyl, phthalimidomethyl, succinimidomethyl, benzyl, 3-phenylpropyl, 3-carboxypropyl, 
3-methoxycarbonylpropyl, benzoylaminomethyl, morpholinomethyl, acetylaminomethyl, 2- 

;5 phthalimidoethyl, 3-hydroxypropyl or 3-acetoxypropyl. 

5. A process according to any one of claims 1-4, wherein R 2 represents lower alkyl optionally substituted 
by amino, aryl, guanidino, carboxy, di{lower alkoxy)phosphinyl, dihdroxy-phosphinyl or morpholino. 

20 6. A process according to claim 5, wherein R 2 represents methyl, 4-aminobutyl, 1-phenylethyl, 5- 
carboxypentyl, diethoxyphosphinylmethyl.dihydroxyphosphinylmethyl or 5-morpholinopentyl. 

7. A process according to any one of claims 1-6, wherein R 3 represents hydrogen, hydroxymethyl, 2- 
aminoethyl or 4-amino-butyl. 

25 

8. A process according to claim 7, wherein R 3 represents hydrogen. 

9. A process according to any one of claims 1-8, wherein R 4 represents hydrogen, hydroxy or benzyloxy. 
30 10. A process according to claim 9, wherein R 4 represents hydrogen or hydroxy. 

11. A process according to any one of claims 1-10, wherein R 5 represents hydrogen or bromine. 

12. A process according to claim 1 for the manufacture of compounds of the following group: 

35 

^-[(R^EhydroxycarbamoylmethylJ^-methylvalerylJ-N^S-dimethyl-L-valinamide, 

N 2 -[2(R or S)-[1 (S)-(hydroxycarbamoyl)ethy l]-4-methylvalery Ij-N 1 ,3-dimethyl-L-valinamide (isomer 

2), 

N 2 -[[2(R or S)-[[[(5-bromo-2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e)isoquinol-2-yl)methyl]- 
40 (hydroxy)phosphinyl}-methyl]-4-methylvaleryl]N 1 ,3-dimethyl-L-valinamide, 

N 2 -[2(R or S)-[[(R)-(amino)[(5-bromo-2,3-dihydro-6-hydroxy-1 ,3-dioxo-1 H-benz[d,e]isoquinol-2-yl)- 
methyl](hydroxy)-phosphtnyl]methyl]-4-methylvatery(]-N 1 ,3-dimethyl-L-valinamide. 

13. A process according to claim 1 for the manufacture of compounds of the following group: 

45 

N 2 -[2(R or S)-[[(R)-(amino)[(2,3-dihydro-6-hydroxy-1,3-dioxo-1H-benz[d,e]isoquinol-2-yl)methyl3- 
(hydroxy)phosphinyl]-methyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L-valinamide, 

N 2 -[2(R)-[1 (R or S)-(hydroxycarbamoy l)-2-phthalimidoethy l]-4-methy Ivalery IJ-N 1 ,3-dimethyl-L- 
valinamide, 

so N 2 -[2(R)-[1 (R or S)-(hydroxycarbamoyl)-4-(methoxycarbonyl)butyl]-4-methylvalery l]-N 1 ,3-dimethyl-L- 

valinamide, 

N 2 -[2(R)-[1 (R or S)(hydroxycarbamoyl)-4-phenylbutyl]-4-methylvalery l]-N 1 ,3-dimethyl-L-valinamide, 
N 2 -[2(R)-[1(R or S)-(hydroxycarbamoyl)-2-succin- imidoethyl]-4-methylvaleryl]-N 1 ,3-dimethyl-L- 
valinamide. 



55 



14. A process according to claim 1, wherein a compound as in claim 2 is manufactured according to 
embodiment (b), (c), (d), (e), (f), (g), (h), (i) and/or (k). 



63 



EP 0 497 192 A2 



15. A process for the manufacture of medicaments, especially for use in the control or prevention of 
degenerative joint diseases or in the treatment of invasive tumours, atherosclerosis or multiple 
sclerosis, which process comprises bringing a compound according to claim 1 into a galenical 
administration lorm. 

5 

16. The use of a compound according to claim 1 for the manufacture of a medicament for the control or 
prevention of degenerative joint diseases or for the treatment of invasive tumours, atherosclerosis or 
multiple sclerosis. 

w 17. Acids or the general formula 




wherein R 10 represents hydrogen, protected amino, acylamino or lower alkyl optionally substituted by 
aryl, protected hydroxy, protected amino, acylamino, maleimido, succinimido, naphthalimido, 2,3- 
25 dihydro-1 ,3-dioxo-1H-benz[d,eJisoquinol-2-yl, protected carboxy, carbamoyl, mono(lower alkyl)- 
carbamoyl, di(lower aikyl)carbamoyl, di(lower alkyl)amino, carboxy-lower alkanoylamino, pyrrolidino or 
morpholtno and R 20 represents hydrogen or lower alkyl optionally substituted by aryl, protected amino, 
di(lower alkyl)amino, protected carboxy I, carbamoyl, mono(lower alkyl)carbamoyl, di{lower alkyl)- 
carbamoyl, di(lower alkoxy)-phosphinyl, pyrrolidino, pipertdino or morpholino. 

30 

18. Compounds of the general formula 



35 



40 




CO — NH 




CO— NH— R 21 



(IV) 



wherein A 1 represents benzyloxyformamido; R 10 has the significance given in claim 17 and R 21 has any 
45 of the values of R 20 given in claim 17 or represents nitroguanidino. 

19. Acids of the general formula 



50 



55 



64 



EP0 497 192 A2 




wherein R 4 and R 5 have the significance given in claim 1, R 10 has the significance given in claim 17 
and R 30 represents hydrogen or lower alkyl optionally substituted by protected hydroxy or protected 
amino. 

20. Compounds of the general formula 




cm 



wherein R 1 to R s have the significance given in claim 1 and R & represents lower alkyl. 
21. Compounds of the general formula 




wherein R 10 and R 20 have the significance given in claims 17. 
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